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INACTIVATION OF SEED-BORNE PLANT PATHOGENS 
IN THE SOIL 


By A. W. HENRY? AND J. A. CAMPBELL’ 


Abstract 


Certain seed-borne pathogens are inactivated to a marked degree when 
infested seed is sown in natural soil. Polyspora lini and Colletotrichum lini, the 
fungi causing respectively the Browning and Anthracnose diseases of flax, are so 
affected, both when naturally and artificially infested seed is used. This 
appears to be due largely to the antibiotic action of the micro-organisms of 
the soil, since in sterilized soil similar seed produces significantly higher per- 
centages of infection. Infection may be reduced as much or more by this means 
as by seed treatment with certain fungicides. 

On the contrary, some seed-borne pathogens apparently are not inactivated to 
such an extent as to produce consistently less disease in natural than in sterilized 
soil. This has been indicated by preliminary experiments with certain smut 
fungi, for example those causing bunt of wheat. 


Introduction 


It has become recognized in recent years that much potential inoculum 
of plant pathogenic fungi and bacteria, which finds its way into the soil with 
the residues of diseased plants, is rendered innocuous owing to the antibiotic 
action of normal soil micro-organisms, and in consequence does not function 
in the initiation of disease. 


The question arises as to the fate of pathogens which are deposited in the 
soil on or in infested seeds. It is well known that many plant pathogens. 
regularly enter the soil in this manner. While seed-borne inoculum is 
obviously in an advantageous position for infection so far as proximity to 
the developing seedling is concerned, that which is carried externally must 
become exposed to the influence of other micro-organisms in the soil as soon 
as the seed is sown. Inoculum present in the interior of seeds obviously 
would be less subject to such action, but after rupture of the seed coats it is 
possible that even some of it might be affected. 


It seemed that biological antagonism in the soil might explain a number of 
cases both in the field and greenhouse, where we have observed heavily infested 
seed to yield lightly diseased crops. It has been customary in the past to 
explain such occurrences on the basis of unfavorable temperatures or other 
physical factors. The object of these studies was to determine the possible 

1 Received July 2, 1938. 


Contribution from the Department of Field Crops, University of Alberta, Edmonton, Alberta. 
Associate Professor of Plant Pathology, University of Alberta, Edmonton. 

Assistant in the Division of Forage Crops, Dominion Department of Agriculture, Swift 
Current, Sask., formerly graduate student in Plant Pathology, University of Alberta. 
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importance of the biological factor, that is, the antagonistic action of soil 
micro-organisms to certain seed-borne pathogens. The pathogens chosen 
were those causing the Browning and Anthracnose diseases of flax, namely, 
Polyspora lini Laff. and Colletotrichum lint (West.) Toch., and the fungi 
causing covered smuts of wheat, oats and barley, namely, Tilletia spp. Ustilago 
levis (K. & S.) Mag., and U. hordet (Pers.) K. & S. 


Literature Review 


Christensen (1) investigated the effect of the soil microflora on the severity 
of seedling blight of barley caused by Helminthosporium and Fusarium. 
When naturally infected seed was used, no reduction in severity of seedling 
injury occurred in non-sterilized soil as compared with sterilized soil. More- 
over, the addition of Trichoderma lignorum and several other fungi and bac- 
teria or their extracts to naturally infected seed did not lessen the severity 
of the seedling blight. However, these organisms, when added to seed or 
sterilized soil artificially infested with [elminthosporium sativum, did suppress 
the pathogen as evidenced by decreased seedling damage. 

Novogrudski ef a/. (2) studied the effect of treating diseased flax seed with 
certain soil-inhabiting bacteria on the severity of disease in the resulting 
seedlings. Bacillus fluorescens and B. mesentericus reduced the number of 
diseased seedlings when added to diseased seed of one variety of flax, but 
had no appreciable effect on another. B. megaterium reduced disease in both 
varieties, while B. mycoides as a rule increased it. 


Experiments with Flax Pathogens 


Having noticed instances where samples of flax seed, heavily infested with 
Polyspora lini Laff. or Colletotrichum lini (West.) Toch., failed to produce 
severely diseased stands of seedlings when sown in natural soil, it was decided 
to select these fungi for study. Both are seed-borne pathogens, and both 
attack the seedlings at an early stage. The former causes the Browning 
disease and the latter, Anthracnose. Cotyledonary lesions are commonly 
produced by both organisms so that diseased plants can be detected at an 
early stage in their development, in fact very soon after they emerge. 

On the hypothesis that low infection of seedlings produced from heavily 
inoculated seed might be due to the inactivation of the seed-borne pathogens 
by the mirco-organisms of the soil, plantings of infested seed were made in 
sterilized and natural soil. After the seedlings emerged, comparative records 
were made of the severity of cotyledonary infection of plants in the two types 
of soil. Steam at 15 lb. pressure was used to sterilize the soil. During and 
following seeding, the sterilized soil was exposed to contamination, though 
in the first experiment the sterilized pots were kept covered with sterilized 
paper until the seedlings were well emerged. 


RESULTs WITH Polyspora lini 


For the studies with Polyspora lini a sample of Bison seed flax was used. 
This had been obtained from a farmer who had observed disease damage in 
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his crop. Polyspora lini, the fungus causing the Browning disease, was 
readily isolated from a high percentage of the seeds of this sample, showing 
that it was naturally infested. Moreover, the variety Bison is known to be 
highly susceptible to this fungus, and hence was especially suitable. 

In one experiment a portion of this Bison seed was divided into two parts, 
one of which was sown as it was, while the other was first artificially inoculated 
by dipping it into a suspension of spores from a culture of Polyspora lini. 
The two samples of seed were then sown in 6-in. pots at the rate of 50 seeds 
per pot. The soil used consisted of three parts of black soil to one part of 
sand. Half of the pots of soil were sterilized. The pots were kept covered 
with paper until after emergence had taken place. The amount of disease 
was noted 16 days after seeding. The total number of seedlings per pot 
was counted, and the number showing definite cotyledonary lesions typical 
of those produced by P. lini. The results of this experiment are recorded 
in Table I. 

TABLE I 


COMPARATIVE SEVERITY OF THE BROWNING DISEASE OF BISON FLAX CAUSED BY Polyspora lini 
IN STERILIZED AND NATURAL SOIL 


Sterilized soil Natural soil 
— Number of seedlings Percentage Number of seedlings Percentage 
Diseased | Healthy | diseased Diseased | Healthy diseased 
Naturally + 35 10.3 1 33 2.9 
8 35 18.6 1 35 2.8 
5 St 13.9 1 38 2.6 
2 36 3.3 0 39 0 
Av.12.0 Ay, 2.1 
Naturally and _ arti- 9 30 23.1 1 36 2.7 
ficially 8 35 18.6 3 36 Vad 
6 38 13.6 1 34 2.9 
7 36 16.3 3 33 — 8.3 
Av.17.9 Av. 5.4 


A consistent and marked reduction in the amount of seedling infection 
is evident in the natural soil as compared with the sterilized soil.* It is of 
interest to note that this is true in the series from naturally infested seed as 
well as in that from naturally plus artificially infested seed. The difference 
in each case between the number of diseased seedlings in sterilized and natural 
soil is definitely significant, as judged by a simple Chi-square test. The 
values of x? obtained, 10.19 for the naturally infested seed and 10.12 for 
the naturally and artificially infested seeds, are well above the 1% point, so 
that one may safely conclude that the disease in both cases is more severe 
in the sterilized soil. 


* Method of analysis kindly suggested by Dr. C. H. Goulden. 
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In a second experiment a portion of the same sample of Bison seed was 
used, and the same procedure followed but with the addition of two series 
in which treated seed was sown. The treatments, which were applied to 
naturally infested seed only, were used in order to destroy inoculum on the 
surface. One treatment consisted of dipping the seed in 95° ethyl alcohol 
and burning off the alcohol in a flame, the other consisted of dusting it 
thoroughly with methyl mercury phosphate. All seed samples were then 
sown in both sterilized and natural soil. The results of this experiment are 


given in Table IT. 
TABLE II 


COMPARATIVE SEVERITY OF THE BROWNIHG DISEASE OF BISON FLAX IN SEEDLINGS FROM 
TREATED AND UNTREATED SEED IN STERILIZED AND NATURAL SOIL 


Sterilized seed Natural soil 
Seed Infestation Number of Number of 
treatment of seed seedlings Percentage seedlings Percentage 
diseased |—————_|_ diseased 
Diseased} Healthy Diseased! Healthy 
| 
| 
None Natural and artificial 37 90 29.1 4 92 4.2 
None Natural 31 134 18.8 2 106 1.9 
Alcohol (flamed) Natural 10 149 6.3 0 30 0.0 
Methyl mercury Natural 13 323 3.9 2 296 0.7 
phosphate* | 


* Trade name = Leytosan P. 


A marked reduction in severity of disease is again shown in the natural soil 
as compared with the sterilized soil. Comparing the treated and untreated 
series, it is evident that much of the inoculum naturally infesting this seed 
sample is surface-borne. However, it would appear that some is internally- 
borne. It would hardly be expected, for instance, that any surface-borne 
inoculum would survive the alcohol-flame treatment, yet 6.3% of the seedlings 
in sterilized soil became infected. It would appear that these were derived 
from seed bearing internally-borne inoculum of Polyspora lini. The alcohol- 
treated seed was evidently injured considerably by the treatment, since out 
of 400 seeds sown in unsterilized soil only 30 produced seedlings. None of 
these, however, showed infection. In the case of the seed treated with 
methyl mercury phosphate good germination was obtained, yet only 3.9% 
of the plants in sterilized soil became infected. Comparing this with 0.7, 
the percentage of infected plants from similarly treated seed sown in natural 
soil, we find a small but significant difference. The x? value here is 5.67, 
which lies between the 5% and 1% points. If we assumed that all of the 
externally-borne inoculum was destroyed by the treatment of the seed with 
methyl mercury phosphate, then we might conclude that the micro-organisms 
of the unsterilized soil had an inactivating effect on some of the remaining 
internal inoculum. 

In order to obtain further data on treated and untreated seed, another 
experiment was conducted. In this experiment, naturally infested four-year- 
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old Bison seed was used. 


335 


Instead of the alcohol treatment used in the 


previous experiment, a formaldehyde treatment was substituted. This con- 
sisted in immersing the seed for two minutes in a 1-320 solution of commercial 
formaldehyde in water and air drying it before seeding. Another series was 
treated with methyl mercury phosphate at the rate of one ounce per bushel as 
in the previous experiment. The treated samples, together with untreated 
checks, were then sown in sterilized and natural soil. Ten replicates were 
used in this experiment and 50 seeds per pot were sown. The results are 
given in Table III. 
TABLE III 


FURTHER DATA ON THE COMPARATIVE SEVERITY OF THE BROWNING DISEASE OF BISON FLAX 
IN SEEDLINGS FROM TREATED AND UNTREATED SEED IN STERILIZED AND NATURAL SOIL 


Sterilized soil Natural soil 


Seed treatment Number of seedlings Number of seedlings 


Percentage Percentage 
Diseased | Healthy | diseased | Diseased | Healthy | diseased 


None 65 390 14.3 3 290 1.0 
Methyl mercury phos- 

phate 32 430 6.9 2 432 0.5 
Formaldehyde 1-320 17 374 4.3 0 83 0.0 


It is evident again from these data that something in the natural soil has had 
a dominant effect in reducing infection to a minimum. The differences in 
severity of disease between plantings in the sterilized and natural soil are highly 
significant in the untreated and methyl mercury phosphate series as measured 
by the x? test, but not in the formaldehyde series. The poor germination in 
the latter, especially in the natural soil, is no doubt partly responsible for this. 
In the sterilized soil, both methyl mercury phosphate and formaldehyde 
reduced infection significantly, but in natural soil this was not the case, since 
the differences between the treated and untreated series were so small. It is 
interesting to note from the results of this experiment that the severity of 
infection was reduced more by antibiotic action than by seed treatment 
with either fungicide. 

In view of the fact that the formaldehyde treatment in the previous experi- 
ment was not very satisfactory, owing to the wetting of the seed and the 
adverse effect on germination, it was thought advisable to use another liquid 
treatment. Mercuric chloride in combination with alcohol was chosen and 
used in another experiment, the results of which are given in Table IV. 
Naturally infested Bison seed was again used. In the treated series the seed 
was dipped in 70% ethyl alcohol, then immersed for one minute in 1-1000 
mercuric chloride solution, then dipped again in 70% alcohol and finally 
spread on a fine wire screen to dry. 


Unfortunately, the severity of infection of the seedlings from the untreated 
seed in sterilized soil was lower than in previous experiments. The alcohol- 
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mercuric chloride treatment apparently destroyed approximately the same 
amount of inoculum as the soil micro-organisms. It would be expected that 
this treatment would destroy surface-borne inoculum on the seed. If so, the i 
seed used must have carried a very considerable amount of internal inoculum, 
since on plating, the treated seed yielded almost as high a percentage of 
infestation as untreated seed. The differences in amount of infection are 


TABLE IV 
COMPARATIVE SEVERITY OF THE BROWNING DISEASE OF BISON FLAX IN SEEDLINGS FROM 
SEED TREATED WITH ALCOHOL-MERCURIC CHLORIDE AND UNTREATED SEED 
IN STERILIZED AND NATURAL SOIL 


| 
| Sterilized soil | 
| 


Seed treatment | Number of seedlings | 
| Diseased | Healthy | diseased | Diseased | Healthy are 
| | | | 
None | 32 | 429 6.9 | + 240 1.6 
Alcohol-mercuric chlor- | | | 
ide 9 | 416 2.1 | 1 268 0.4 
| | 


significant when one compares untreated seed in sterilized soil with untreated 
seed in natural soil or with treated seed in sterilized soil, the x? values being 
8.19 and 10.59, respectively. The lowest percentage of infection, namely, 
0.4°%, was obtained when both seed treatment and the micro-organisms of 
% the natural soil were allowed to act,*but the differences between this figure 
3 and 2.1 for the treated seed in sterilized soil and 1.6 for the untreated seed 
in natural soil are insignificant. Hence it is not possible to conclude from 


— this experiment that the micro-organisms of the soil had a significant effect 
‘ on the internal inoculum, nor that seed treatment with mercuric chloride 
; reduced infection in natural soil. 

&§ RESULTs WITH Colletotrichum lint 


In several experiments on the flax Anthracnose disease conducted in another 
connection, it was noticed that seedling infection of seedlings from diseased 
-_ seed was consistently much less severe in natural soil than in the same soil 
following steam sterilization. Table V, for example, gives data from three 


TABLE V 


COMPARATIVE SEVERITY OF THE ANTHRACNOSE DISEASE OF FLAX CAUSED BY Colletotrichum lint 
IN STERILIZED AND NATURAL SOIL 


4 
Soil temperature, Percentage of infected seedlings 
: Sterilized soil Natural soil 
4 1 12 53 | 14 
: 2 17 71 18 : 
_ 3 24 75 | 19 
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separate experiments, each conducted at a different temperature. All show 
the same reduced severity of the disease in the natural as compared with the 
sterilized soil. 

The seed used in these experiments on Colletotrichum lini was artificially 
inoculated. As will be noted, much more severe infection was obtained 
than with Polyspora lini. While infection was greatly reduced in natural 
soil, it was not lowered to the extent that it was in the experiments on the 
Browning disease. Definite evidence, however, was obtained regarding the 
identity of one of the inactivating organisms, since a bacterium was found 
which caused rapid disintegration of the conidia of Colletotrichum lini. This 
bacterium, if present in the soil, could readily destroy surface-borne spores 
on the seed and thus reduce the severity of infection. 


Experiments with Covered Smut Fungi of Cereals 


Since the cereal smut fungi are among the best known seed-borne pathogens; 
it was thought that similar experiments to those reported with the flax patho- 
gens should be made with them. These have been undertaken with the 
covered smut pathogens affecting wheat, oats and barley, but have not as 
yet been completed. However, it seems desirable at this time to refer briefly 
to the preliminary results with the bunt fungi of wheat. Plantings of arti- 
ficially infested seed in sterilized and natural soil have to date not shown the 
consistent behavior that we have demonstrated for the flax pathogens. 
Instead of the severity of infection being reduced, the data obtained so far 
show higher infection in the natural soil in some cases, but as this has not 
so far been consistently in the same direction it seems advisable to check 
the results by further experiments. These will be discussed in another paper 
to be published soon. 

Discussion 


While chemical and physical changes in the soil are brought about by steam 
sterilization, the reduction in disease severity noted in the experiments 
reported with flax pathogens seems best explained on biological grounds. In 
support of this hypothesis it has been noted that certain soil bacteria have a 
marked inhibitive action on the flax pathogens investigated, which is in agree- 
ment with the findings of Novogrudski ef a/. (2). This action has been studied 
by one of us* as it affects Colletotrichum lini and will be reported on in a 
subsequent paper. Soil sterilization would obviously destroy such antibiotic 
organisms. Hence, unless the products remaining after sterilization could 
act as efficiently as the living organisms, which does not appear to be the 
case, at least for certain antibiotic organisms, one would expect more severe 
infection in sterilized soil. 

Since preliminary results with smut fungi indicate that some of them are 
not inactivated to the same degree as the flax pathogens in natural soil, it 


*CAMPBELL, J. A. Studies on anthracnose diseases of grains and grasses in Alberta with 
special reference to flax anthracnose caused by Colletotrichum lini (West.) Toch. 
M.Sc. Thesis, University of Alberta. 1934. 
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appears that different seed-borne pathogens are affected differently by the 
soil micro-organisms, as might be expected. Seed treatment may con- 
sequently be more important for the control of some pathogens than for others. 
Obviously, the influence of soil micro-organisms on seed-borne plant pathogens 
needs further investigation. 


References 


1. CHRISTENSEN, J. J. Associations of micro-organisms in relation to seedling injury arising 
from infected seed. Phytopathology, 26 : 1091-1105. 1936. 


2. NovoGrupskI, D., BEREzovA, E., NAKHIMOVSKAYA, M. and PERviAKOvA, M. The 
influence of bacterization of flax seed on the susceptibility of seedlings to infection 
with parasitic fungi. Rev. Applied Mycol. 16:676. 1937. 


| 
q 
© a 
4 
a 
| 
i 
4 
{ 
j 
? 
& 
4 
i 
‘x 


THE NITROGEN DISTRIBUTION IN ALFALFA HAY 
CUT AT DIFFERENT STAGES OF GROWTH! 


By M. F. CLARKE? 


Abstract 


Analyses were made of alfalfa hays cut at six different stages of growth during 
the course of one growing season. For the determination of the soluble forms of 
nitrogen encountered in this study, the method developed by Wasteneys and 
Borsook for the fractional analysis of incomplete protein hydrolysates was 
applied. This procedure ensured the securing of more definite information con- 
cerning the exact gradations of protein synthesis and breakdown than is obtained 
by the usual amino and amide nitrogen determinations. 

The data for total nitrogen show a relatively steady decrease with advancing 
maturity of the harvested material. Also, the second and third cuttings of hay 
exhibit a distinctly higher total nitrogen content than the first cutting. 

Total soluble nitrogen tends to exhibit considerable fluctuation throughout the 
growing period. Cuts made later in the season show a progressive decrease in 
the proportionate amounts of this fraction. Particularly striking is the finding 
that, in all cuttings, total soluble nitrogen tends to be present in very large 
amounts during the early part of flowering. 

Results obtained from the application of the method of Wasteneys and Borsook 
make possible the presentation of a relatively clearly defined pictur of protein 
synthesis and degradation throughout the growing period. These data further 
strengthen the assumption that the period between bud formation and the 
commencement of flowering represents a very critical stage in the life history 
of the plant. 


Introduction 

Numerous research workers have demonstrated that legumes and grasses 
cut at different stages of growth produce hays which differ markedly not only 
in total but also in digestible protein. The corresponding studies suggest 
a probable occurrence of significant variations in the actual distribution of 
different forms of nitrogen. 

The lack of definite information respecting the distribution of intermediate 
nitrogen compounds is undoubtedly due to the fact that studies on nitrogen 
metabolism in plants have been confined largely to the distribution of those 
relatively simple forms of nitrogen which are obtained after the hydrolysis 
of aqueous extracts of plant tissues. The usual mode of study is well demon- 
strated by the works of Chibnall (1), Thomas (8), Vickery and Pucher (9), 
Stuart and Appleman (7), Richards and Templeman (6), and Orcutt and 
Wilson (4). 

Since it is highly probable that protein synthesis and breakdown occur in 
several stages, giving rise to compounds of varying complexity, it seemed 
reasonable to assume that a method capable of defining such more or less 
specific intermediate products should provide valuable information in addition 
to that gained from the usual procedure. With this in view, a study of the 
method developed by Wasteneys and Borsook (10) for the fractional analysis 
of incomplete protein hydrolysates was undertaken and made the basis for 
the subsequent report. 

1 Manuscript received March 12, 1938. 
Contribu'ion from the Department of Agronomy, The University of British Columbia, 
Vancouver, Canada. 


2 Graduate student, Department of Agronomy, The University of British Columbia, Van- 
couver. 
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The Wasteneys and Borsook method defines the exact nature and amount 
of the specific protein decomposition fractions (proteose, peptone, and sub- 
peptone) following the breakdown of protein by specific enzymes. The 
procedure involves the precipitation of protein by trichloracetic acid; of meta- 
protein by careful adjustment of the hydrogen ion concentration; of proteoses 
by saturation with sodium sulphate at 33°(C.; of peptones by tannic acid 
under definitely controlled conditions; and the determination of the residual 
amino acids and simpler peptides by a modification of the alcohol precipitation 
method. 

Experimental Methods 

In order to determine the suitability of the method of Wasteneys and 
Borsook for use in plant nitrogen studies, a study of the nitrogen distribution 
in alfalfa hay cut at different stages of growth was undertaken. 

The alfalfa used in this investigation was a strain of Ontario Variegated 
(Medicago media) designated as Ottawa, No. 176. The seed was sown origin- 
ally on duplicate plots in 1933. Three cuttings of hay were taken during each 


of the succeeding seasons of 1934 and 1935, while the 1936 material was used — 


for this study. 

Samples for analysis were harvested at the following stages of growth: 
(1) Seedling; (2) Pre-bud; (3) Bud; (4) Early flowering (1/10-bloom) ; 
(5) Full bloom; (6) Maturity. 

The growing period during which samples were taken was of sufficient 
duration to permit of taking second and third cuts from the same plots at 
corresponding stages of growth. The entire aerial portions of the plants 
were used for each examination. Immediately after cutting, the samples 
were transferred to special drying trays and taken indoors. This enabled 
the drying to take place at a relatively rapid rate without any appreciable 
loss in color or wastage of leaves. The resultant product was a hay of slightly 
better quality than alfalfa hay made under the most ideal field conditions. 


Analytical Methods 

Prior to analysis, all samples were ground with the aid of a small hand- 
operated corn mill to a degree of fineness approximating that of the dehydrated 
alfalfa meal of commerce. In order to facilitate grinding, the samples were 
subjected to a preliminary drying in an electric oven at a temperature of 45° C. 
for 24 hr. 

For the determination of dry matter contained in the ground material, three 
aliquots of approximately 0.5 gm. were placed in tared aluminium crucibles, 
weighed and dried to constant weight in a water-jacketed oven at a tem- 
perature of 98° C. 

Total nitrogen was determined on quadruplicate one-gram samples by the 
Gunning modification of the Kjeldahl method. 


Fractionation of Soluble Nitrogen 


The soluble nitrogenous material was extracted from the finely ground 
alfalfa by means of boiling water, according to the method of Davidson, 
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Clark and Shive (2). All extractions were performed in duplicate imme- 
diately before analysis. 

Four 5-cc. portions of the water extract (filtrate 1) were analyzed for total 
soluble nitrogen by the Kjeldahl method. For verification purposes, the 
nitrate modification of the Kjeldahl method, as proposed by Ranker (5), 
was followed, but the results obtained were no higher than those from the 
standard Kjeldahl procedure. In addition, semi-quantitative tests with 
acidified diphenylamine reagent failed to reveal even traces of nitrate nitrogen 
in the extracts of any of the samples. 

For the determination of the various nitrogenous fractions (protein, pro- 
teose, peptone, and sub-peptone) the procedure used was that of Wasteneys 
and Borsook (10), as modified by Eagles and Sadler (3) in the study of nitrogen 
distribution during cheese-ripening. 


Experimental Results 


The analytical results obtained during the course of this investigation are 
summarized in Table I. The results for total nitrogen and total water- 
soluble nitrogen are expressed as percentage of the absolute dry weight of 
the material. The soluble nitrogenous fractions (W & B) are expressed as 
percentage of the total water-soluble nitrogen of each respective sample. 


TABLE I 


THE NITROGEN DISTRIBUTION IN ALFALFA HAY CUT AT DIFFERENT 
STAGES OF GROWTH 


Total 
Solubl Sub- 
Stage of Cutting Total water- Proteose Peptone 
growth no. N(%)* soluble N N 
nme | Nt 
Seedling Cutting No. 1 4.530 1.867 21.65 7.92 8.16 62.27 
Pre-bud Cutting No. 1 2.885 £273 17.17 6.69 8.47 67.67 
Cutting No. 2 4.333 1.923 29.74 6.92 9.9 53.39 
Cutting No. 3 3.815 1.201 17.11 8.23 7.94 66.64 
Cutting No. 4 3.452 1.292 20.67 9.91 8.33 61.10 
Bud Cutting No. 1 2.375 1.060 32.90 11.71 12.38 43.01 
Cutting No. 2 3.844 1.418 17.01 9.03 21.55 52.41 
Cutting No. 3 3.665 1.103 34.22 8.99 6.30 50.49 
Tenth-bloom Cutting No. 1 2.777 1.463 19.08 9.67 18.50 $2.75 
Cutting No. 2 2. 61 1.014, 8.80 11.99 12.01 67.20 
Cutting No. 3 3.726 1.416 23.43 14.79 14.10 47.68 
Full bloom Cutting No. 1 2.276 0.686 24.08 12.19 13.84 49.89 
Cutting No. 2 2.660 0.861 15.94 20.41 11.69 51.96 
Maturity Cutting No. 1 2.223 0.774 11.07 20.28 15.81 52.85 


* Total nitrogen and total water-soluble nitrogen are expressed as percentage of moisture-free 
material. 

+ Results for the soluble nitrogenous fra tions (soluble protein, proteose, peptone and sub-peptone 
N) are expressed as percentage of the total soluble nitrogen of each respective sample at the stages of 
growth here defined. 


| | | | | 
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Total Nitrogen Discussion 


An examination of the data in Table I reveals a steady decline in total 
nitrogen with advancing maturity of the harvested material. This decline, 
as might be expected, is not quite uniform when the different cuttings at each 
stage of growth are compared with the corresponding cuttings at subsequent 
stages of growth. Furthermore, the data obtained with respect to total 
nitrogen are rather limited and do not permit of drawing any far-reaching 
conclusions. However, these results are similar to those obtained by Wood- 
man and Evans (11) in a comprehensive study dealing with the nitrogen 
content of alfalfa. These investigators observed a marked drop in the 
nitrogen content of both the leaf and stem with advancing maturity of the 
plants. 

Woodman and Evans (11) reported, among others, that the second and 
third cuttings of alfalfa hay were of a distinctly leafier character than the 
first cutting. This, in turn, accounts for a higher total nitrogen content 
in each subsequent cutting at each stage of growth, since at any one stage 
the nitrogen content of the alfalfa leaf is approximately double that of the 
stem. It deserves to be noted that the data presented in Table I bear out 
this contention as regards all but one stage of growth—that of the pre-bud 
stage. 


% OF TOTAL N 
fo} 


20 


A B Cc D E F 
STAGE OF GROWTH 


No. 2----- No. 3+ 


Total Soluble Nitrogen 


The total soluble nitrogen results are expressed graphically in Fig. 1. In 
order to emphasize the fluctuations between each stage of growth, the results 
are plotted as percentage of the total nitrogen of each respective sample. 

It is interesting to note that in most cases the graphs tend to suggest a 
decrease in the proportionate amount of total soluble nitrogen at each stage 
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of growth with each subsequent cutting. Attention should also be drawn 
to the fact that the proportion of soluble nitrogen is distinctly higher at 
tenth-bloom than at budding, in all three cuttings, and that in the first and 
also in the third cutting, soluble nitrogen attains its maximum quantity at the 
tenth-bloom stage. Judging from these results, it would seem reasonable to 
conclude that a certain amount of protein degradation takes place for the 
purpose of creating a readily translocated supply of simpler nitrogenous com- 
pounds required for the process of flowering. On the other hand, it might 
also suggest that a more rapid intake of nitrogenous material occurs at this 
time, which may be held in a soluble form to meet the needs of flower formation. 
The fact that the total nitrogen content of the second cutting at tenth-bloom 
is lower than at the preceding stages of growth bears out the first contention, 
whereas the increase at tenth-bloom over the bud stage in the first and third 
cuttings might substantiate the second assumption. 

The marked decrease in the proportionate amount of total soluble nitrogen 
from early to late flowering indicates that the excess of soluble nitrogenous 
material has been utilized in the normal plant processes, such as preparation 
for seed setting and increases in fibre content and stem growth. The slight 
rise in soluble nitrogen at the time of maturity might be indicative of protein 
degradation in order to translocate nitrogen to the seeds already formed. 
On the other hand, it may be caused by a general breakdown following the 
cessation of all growth processes. 


Soluble Protein Nitrogen, Proteose Nitrogen, Peptone Nitrogen, and Sub-peptone 
Nitrogen 
An examination of the data presented in graph form (Fig. 2) shows very 
clearly that soluble protein, proteose, and peptone individually represent a 
relatively small proportion of the total soluble nitrogen, while sub-peptone 
constitutes almost half of the soluble fraction. 
Soluble protein tends to be greater in amount than either proteose or 


peptone at nearly all stages of growth, and the curve for this fraction shows 


more pronounced fluctuations. Since proteoses are considered, to be only 
slightly below proteins in complexity, it might be expected that the trends for 
the two would have a tendency to approximate each other. This relation, 
however, does not hold, except in two instances. 

In the first cuttings (Fig. 2, 1), proteose follows a trend similar to that 
exhibited by soluble protein up to the time of full bloom, although the actual 
amount of proteose is appreciably less. Folowing the period of flowering, the 
situation is reversed, and the quantity of proteose is almost double that of 
soluble protein. The third cuttings follow a similar course. The second 
cuttings (Fig. 2, I1) show an inverse relation between soluble proteins and 
proteoses from pre-budding to tenth-bloom. From tenth-bloom to maturity, 
the relation is fairly constant, except that the order of magnitude is altered. 

As regards peptone nitrogen, it may be noted, in the first cuttings, that 
the curves for proteose and peptone nitrogen (Fig. 2, I) are of practically the 
same order throughout the growing period. At tenth-bloom there appears 
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to be an appreciable difference in favor of higher peptone content, while the 

graphs would appear to suggest slightly less peptone nitrogen at the time of 
maturity. It should be pointed out, too, that in many instances the actual 
a trends of peptone are inclined to be the reverse of those for protein and 
proteose. 


5OF 


40F 


SOP 


% OF TOTAL SOLUBLE N 


STAGE OF GROWTH 


Fic. 2. Distribution of soluble protein (1), proteose (2), peptone (3), and sub-peptone (4), 
\ nitrogen. I—Cuiting No. 1. II—Cutting No. 2 , Cutting No. 3------ . Stages: 
A—seedling, B—pre-bud, C—bud, D—tenth-bloom, E—full bloom, F—maturity. 


In the third cuttings (Fig. 2, II) the graph for peptone is again of approxi- 
mately the same order as that of the first cuttings, but in this case the peptone 
content appears to be slightly lower than that of proteose nitrogen. The 
graph covering the second cuttings (Fig. 2, I1) does not conform to the other 
curves, in that it appears to demonstrate a definite negative correlation between 
proteose and peptone at the stages of growth from which comparisons were 
taken. This also holds true when a comparison is made between soluble 
protein and peptone. 

As already noted, the sub-peptone fraction, in most instances, represents 
a greater proportion of the total soluble nitrogen than that of soluble protein, 
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proteose, and peptone combined. Since sub-peptone includes peptides and 
free amino acids of lesser complexity than peptone, the curves for this fraction 
tend to compensate for the fluctuations noted in regard to protein, proteose, 
and peptone. It is significant that sub-peptone should be at its highest level 
in the early stages of growth, while the more complex forms of nitrogen— 
protein, proteose, and peptone—are to be found in lesser amounts at the 
corresponding stages. This would suggest that nitrogen intake has been 
more rapid than protein synthesis. However, when flower buds have appeared 
at the time of the first cuttings, sub-peptone has decreased to the lowest level 
observed in any part of the cycle, thereby showing that, at later stages, syn- 
thesis has been sufficiently rapid to surpass nitrogen intake. Coincident 
with this major depression in the sub-peptone curve, one may note a peak 
in the protein curve and the lesser rises in the proteose and peptone curves. 
Between the first appearance of flower buds and the one-tenth bloom, sub- 
peptone and peptone increase, whereas the more complex compounds (proteins 
and proteoses) exhibit a corresponding decrease. The behavior of these 
fractions during the period of flowering would suggest that a breakdown of 
relatively complex nitrogen compounds takes place in order to create a 
readily translocated supply of nitrogenous material to meet the needs of 
flower formation. 

In the second cuttings, sub-peptone represents a much lower proportion of 
the soluble nitrogen during the early stages of growth than in the first cuttings, 
while soluble protein has reached its peak at this time, suggesting the possi- 
bility that synthesis may be more rapid following the removal of the first 
growth. During the early part of flowering (1/10-bloom), an extremely high 
proportion of sub-peptone, together with low protein, substantiates previous 
assumptions relative to bloom formation. 

In the third cuttings, the distribution of the four fractions under discussion 
closely parallels that prevailing in the first cuttings. However, the behavior 
of sub-peptone between budding and the early part of flowering is the reverse 
of that encountered in the first and second cuttings. This fact does not 
completely invalidate the assumptions made with regard to the need for an 
abundant supply of relatively simple forms of nitrogen to meet the require- 
ments of blooming. On the other hand, it suggests the possibility that an 
abundance of slightly more complex compounds, such as proteoses and 
peptones, may meet this requirement. The fact that proteoses and peptones 
increase, furnishes further evidence in support of this assumption. 


Conclusions 


Primarily, the object of the present investigation was to determine if the 
method of Wasteneys and Borsook (10) could be applied advantageously to 
the study of nitrogen distribution in plant material. It was realized, at the 
time, that the information gained from its successful application would provide 
a useful complement to the knowledge already obtained in the course of other 
methods of analysis. 
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The results obtained have not been presented with the idea that they are 
conclusive or that the objects of the investigation have been fully realized. 
Since the figures for the analysis were secured directly from the existing 
material without further modification through hydrolysis, and since the 
distribution of soluble nitrogen has not been disturbed in any way, but has 
been studied in its original form, one may be justified in contending that the 
data do possess a definite significance, for every nitrogen fraction studied. 
It should be noted, too, that the amounts of many of the fractions are extremely 
small, and that the relation existing between them at any one time is much 
more complex than that encountered at one stage in the hydrolysis of pure 
proteins by specific enzymes. 

Considering the fact that marked differences occur between the varying 
stages of growth examined, one is led to conclude that further valuable 
information might be gained about the nitrogen metabolism of the alfalfa 
plant if a study of this subject were conducted on fresh samples collected at 
shorter intervals throughout the growing season. In this way the exact 
gradations of synthesis and breakdown could be more clearly observed. 
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THE INFLUENCE OF BIOS ON NODULE BACTERIA 
AND LEGUMES! 


B. INFLUENCE OF CRUDE BIOS PREPARATIONS ON ACID PRODUCTION 
BY STRAINS OF RHIZOBIUM TRIFOLII 


By D. G. Larrp? AND P. M. WEsrt? 


Abstract 


Certain components of Wildiers’ Bios complex, fractionated and concentrated 
according to the procedure of Miller and co-workers, were found capable of 
replacing the stimulative action of yeast extract on strains of Rhizobium trifolii, 
as measured by acid production. Bios I was inactive, while Bios II B, V, and 
II A possessed definite activity, the potency of the fractions increasing in the 
order named. Moreover, the ability of these fractions to increase hydrolysis of 
urea by urease was in direct proportion to the stimulative effect exerted by them 
on the Rhizobia. These effects could not be brought about in synthetic media 
by the addition of crystalline vitamin Bi, nicotinic acid, uracil, choline, B-ala- 
nine, carnosine, B-indole acetic and B-indole butyric acids, glutathione, cysteine 
and vitamin C. 


Introduction 


A study of the influence of the Bios complex on nodule bacteria, alone and 
in association with the host, was undertaken in the belief that the information 
thereby obtained might contribute to a more complete understanding regarding 
conditions necessary to bring about nitrogen fixation. While the host plant 
behavior of red clover seedlings in the presence of growth factors was reported 
upon in a previous paper (Laird and West, 9), attention at this time is being 
focused on the response of the Rhizobia themselves to such activators as might 
possibly contribute to optimum bacterial activity. Aside from the investiga- 
tions of Allison, Hoover and Burk (1) and Allison and Hoover (2-4), relatively 
little has been reported so far concerning this phase of the physiology of legume 
bacteria. 

It was demonstrated by Thorne and Walker (15), and recently confirmed: 
in this laboratory, that in a medium of a favorable oxidation-reduction poten- 
tial, Rhizobium trifolii does not appear to require for mere maintenance of 
life any organic substance other than a pure fermentable carbohydrate. It 
should be remarked, however, that such suitable carbohydrates alone provide 
conditions which, at best, result in only meagre growth. Obviously some 
other factor or factors are required to bring about the luxuriant growth pro- 
duced by yeast extract, and it is the additional purpose of this paper to present 
the results of a preliminary study regarding the nature of the specific stimula- 
tory substances involved. The materials referred to herein as ‘‘activators”’ 
are understood to mean organic substances which, without being essential 

1 Manuscript received April 4, 1938. 
Contribution from the Department of Agronomy, The University of British Columbia, 


Vancouver, Canada. This study was made possible through a Research Grant from The Uni- 
versity of British Columbia. 
2 Associate Professor, Department of Agronomy (Soils), The University of British Colum- 
bia, Vancouver, Canada. 
Carnegie Scholar, Department of Agronomy (Soils), The University of British Columbia, 
Vancouver, Canada. 
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to the life of the cell, in minute amounts are capable of exerting a marked 
stimulatory influence on certain metabolic processes. 


Acid Production as a Measure of Stimulation 


The problem of establishing a convenient method for estimating the meta- 
bolic activity of Rh. trifolii presented considerable difficulty. It has been 
frequently observed that, accompanying the stimulating effect of yeast 
extract on the growth of the organism, an increase of acidity occurs in the 
medium, which is more marked in some strains than in others. It was believed 
that if the selection of strains was made with a view to obtaining types capable 
of relatively high acid production, a gradation value representative of their 
activity could be arrived at by direct titration of the cultures. The possi- 
bility that cell multiplication and acid production might be controlled by 
separate factors was fully realized, but for this preliminary investigation of 
the response of the organisms to activators, it was decided to limit the scope 
of the survey largely to those factors which stimulate acid production to a 
smaller or greater extent. 


Selection of Rhizobium trifolii Strains and Development of Basal 
Medium 


Approximately 60 strains of Rh. trifolii, from both stock and freshly isolated 
cultures, were examined for acid-producing ability in the standard yeast-water- 
mannitol medium. From this group two strains were selected, checked for 
purity, and adopted for the study. One, Strain 22B, was known by its 
previous record to be distinctly efficient in symbiotic nitrogen fixation, while 
the other, Strain 202, on the contrary, was decidedly inefficient in this respect. 


The basal medium adopted consisted of 10 gm. mannitol, 0.5 gm: K2zHPOk,, 
0.2 gm. MgSO,, 0.1 gm. NaCl, and a trace of FeCl, per litre of distilled water. 
Bromthymol blue indicator was added and the media adjusted to pH 7.0. 
Titration of the cultures was performed, using freshly prepared N/200 NaOH, 
and the results were expressed as ml. N/4 acid produced per litre. 

Since preparations of Wildiers’ Bios used in this study contained a certain 
amount of nitrogen, it was considered advisable to determine whether 
common inorganic nitrogenous compounds might exert any appreciable effect. 
Ammonium chloride as a source of nitrogen for the selected strains of Rh. 
trifolit was therefore tried in varying concentrations from 5% to 0.00005% 
actual nitrogen. Both growth and acid production, although slight in all 
cases, were most marked below 0.001% nitrogen, but the organisms continued 
to grow and produce acid in a medium containing up to 0.05% nitrogen. In 
no instance did the presence of ammonium chloride alone raise the acid produc- 
tion beyond 3 ml. N/4 acid per litre in 48 hr. Sodium nitrate was tested as 
above, with essentially the same results. 


In studying the influence of the simpler forms of organic nitrogen, 12 amino 
acids (Eastman’s products) as well as urea, asparagine, carnosine and uracil 
were employed. Sufficient material was added in each case to bring the 
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nitrogen contents of the media to 0.0005%. The organisms were capable 
of utilizing all the above forms of nitrogen, but with varying degrees of 
efficiency, as measured by acid production. In general, valine, leucine, his- 
tidine, arginine, cysteine, urea, uracil and carnosine produced much the same 
response as ammonium chloride, while glycine, alanine, phenylalanine, proline, 
tryptophane, lysine and asparagine proved to constitute relatively inferior 
nitrogen sources. It is important to note that none of these cultures showed 
an acid production of 3 ml. or over after two days, whereas acid was produced 
far in excess of this figure in all media enriched by yeast extract. 

In order to make the study of nitrogen sources more complete, the response 
of Rhizobia to two kinds of purified protein was investigated—namely, sodium 
caseinate and edestin (Difco products). Although these strains of Rhizobia 
are not generally considered as proteolytic bacteria, they did, however, 
demonstrate their ability to utilize the two proteins very slowly, with the 
production of small amounts of acid, as was found with the simpler sources 
of nitrogen. 

From the above studies it was concluded that, since Rhizobium trifolii 
requires only small amounts of nitrogen—five to ten parts per million being 
optimum for growth in fluid culture—and since relatively little nitrogen may 
even exercise an inhibitory effect, best results would be obtained through 
the use of a nitrogen-free basal medium with impure preparations of activators. 


Influence of Wildiers’ Bios Fractions on Activity of Rhizobium trifolii 


It was deemed possible that the semi-purified fractions of the Bios complex 
which contain activators necessary for the development of yeasts might also 
prove to contain such stimulatory substances as are required for maximum 
activity of the Rhizobia. If such concentrates of Bios could replace yeast 
extract, it was believed that this finding would be of significance in relating 


TABLE I 
INFLUENCE OF Bros II A ON ACID PRODUCTION OF Rhizobium trifolii 


Strain 22B Strain 202 
Addition to basal media 

24 hr. 48 hr. 24 hr. 48 hr. 
Bios II A, 2% 3..6* 8.4 5.8 14.0 
Bios II A, 1% 4.1 14.0 6.6 152 
Bios II A, 0.8% 4.6 210:.2 6.6 12.9 
Bios II A, 0.4% 6.0 10.2 8.1 ‘tel 
Bios II A, 0.2% 2.4 8.0 2.8 9.2 
Bios IT A, 0.1% 2.2 7.0 2.4 6.8 
Bios II A, 0.05% 2.0 4.0 2.4 6.0 
Bios II A, 0.01% 0.6 0.6 0.2 2.0 
Yeast extract, 10% 4.1 9.0 3.6 6.0 
NH,CI nitrogen, 0.001% 0.6 1.6 0.6 1.9 
Nitrogen-free control 0.0 0.6 0.2 0.8 


* MI. N/4 acid produced per litre. 
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the activators for the Rhizobia to a group of known growth factors, one of 
which has been isolated by Kégl and Ténnis (8). 

The Bios fractions were prepared from tomato juice by the recent Miller 
method (11). Crude Bios II A, so prepared, contained 1.01% nitrogen. 
This material was used as enrichment for the basal medium in concentrations 
from 2% to 0.01%. As may be deduced from Table I, the response of the 
organisms to Bios II A is definitely significant, and this part of the Bios 
complex is evidently able to replace yeast extract as an activator of acid 
production. 

Since it had also been observed in previous experiments that the presence 
of the Bios fractions stimulated the production of ammonia in a urea medium, 
it was thought possible that the pure enzyme would therefore respond to the 
active constituents of the Bios fraction in the same manner as the organism ~ 
itself. If this were so, a more rapid and convenient assay might be available. 
To test this possibility, purified urease (B.D.H. blood analysis tablets) was 
used. 

The basal medium for the urease test was the same as that used for bacterial 
studies, except that 2 gm. urea was substituted for 10 gm. mannitol per litre. 
To 5--ml. amounts of this medium, the active extract, carefully neutralized, 
was added in concentrations from 0.2% to 15%. After adding cresol red 
indicator, all tubes were adjusted to pH 7.2 with N/200 sodium hydroxide 
or hydrochloric acid. Then 1 ml. of a 1: 10 dilution of a standard urease 
tablet was added to each tube, and after shaking, the mixture was incubated 
at 28°C. for 2hr. At the end of this time the ammonia produced was titrated 
with N/200 hydrochloric acid and the results expressed as increase in ml. 
N/4 ammonium hydroxide per litre over the control. The results of such a 
test with the Bios II A fraction are presented in Table IT. 


TABLE II 


INFLUENCE OF Bros II A ON UREASE ACTIVITY 


| 
Per cent Bios II A 0.2} 04]08] 1 2 4 | 8 10 | 15 


Ml. V/4+ NH,OH per litre 


in excess of control 5.3 1.6 0.8 0.6 


| 


These data indicate that the Bios II A fraction operates as an activator 
also for the urease enzyme system. The optimum concentration of Bios II A 
in the urease test is the same as for strains of 22B and 202 when measured by 
their acid production at 24 hr. Although this ‘‘activation’’ may be due to 
the heavy-metal-binding capacity of the organic extracts, it is significant, 
nevertheless, that the potency of an unknown active fraction to stimulate acid 
production of Rhizobia may be foretold, and the optimum concentration accu- 
rately determined by the urease test. Whatever substances in the fractions 
are active in bringing about a more rapid hydrolysis of urea by the enzyme 
would appear to be the same as the stimulatory factors for Rhizobia, or else 
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to be present in direct proportion. In later work undertaken in connection 
with a further purification of the Bios II A fraction, the urease test proved to 
be a valuable and convenient means to determine the course of activity in 
the isolation process. 

The corresponding Bios II B fraction, containing 0.71% nitrogen, was 
tested on urease and on the selected strains of Rh. trifolii in much the same 
range of concentrations as Bios II A. The results given in Tables III and IV 
indicate that Bios II B also contains ingredients capable of activating the 
organisms and the urease enzyme, thus replacing the effect of yeast extract. 
In general, Bios II B is considerably less active than Bios II A, as shown by 
the different response of the bacteria and confirmed by the behavior of urease. 


TABLE III 
INFLUENCE OF Bios II B ON ACID PRODUCTION OF Rhizobium trifolii 
Strain 22B Strain 202 
Addition to basal media 

24 hr. 48 hr. 24 hr. 48 hr. 
Bios II B, 4% 30" 7.4 3.2 7.0 
Bios II B, 2% 3.0 Tae 3.2 7.0 
Bios II B, 1% 3.0 fe 3.4 7.0 
Bios II B, 0.8% 5.3 7.6 3.0 7.0 
Bios II B, 0.4% 2.3 6.0 2.4 6.4 
Bios II B, 0. 2% Fae | 2.6 2.4 4.5 
Bios II B, 0.1% 1.4 1.6 1.9 2.4 
Bios II B, 0.05% 0.8 1.4 0.8 1.8 
Bios II B, 0.01% 0.4 0.7 0.5 1.0 


* MI. N/4 acid produced per litre. 


TABLE IV 
INFLUENCE OF Bros II B ON UREASE ACTIVITY 


Per cent Bios II B 0.2 | 0.4 | 0.8 1 Zz a 8 |}. 10 15 


M1. N/4 NH,OH per litre 


in excess of control 0.8 0.9 2.0 


2.8 | 3:3 | 3.5] 3.8) 3.6 


Bios V has been recently studied by Elder (6), who found it essential for 
certain strains of yeasts. In contrast to the other constituents of the Bios 
complex, this fraction is sensitive to heat in the presence of alkali. 


A Bios V concentrate was prepared according to Elder’s procedure, to deter- 
mine whether or not this substance is necessary for maximum activity of 
Rh. trifolii. The fraction as prepared contained 0.085% nitrogen. The 
stimulative effect of Bios V on Rhizobium trifoliit and urease action is apparent 
from Tables V and VI. It is also apparent that the maximum activating 
power of Bios V lies between that of Bios II A and Bios II B. This relation 
has held true for all Bios V fractions that have been prepared. 
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TABLE V 
INFLUENCE OF Bios V ON ACID PRODUCTION OF Rhizobium trifolii 
Strain 22B Strain 202 
Addition to basal media 
24 hr. 48 hr. 24 hr. 48 hr. 
Bios V, 4% 8.6* 24 1.4 13.0 
Bios V, +20 10.2 11.9 2.4 12.0 
Bios V, 1% 7.8 9.5 :.5 10.0 
Bios V, 0.8% 6.9 8.6 1.4 9.7 
Bios V, 0.4% 4.3 9.4 1.4 10.4 
Bios V, 0.2% 2.4 3.6 0.8 5.8 
Bios V, 0.1% 0.8 1.0 0.0 1.8 
Bios V, 0.05% 0.0 1.0 0.0 1.0 
Bios V, 0.01% 0.0 0.5 0.0 0.0 
* Ml. N/4 acid produced per litre. 
TABLE VI 
INFLUENCE OF Bios V ON UREASE ACTIVITY 

Per cent Bios V | 0.2 0.4 0.8 1 2 4 8 10 | 15 


Ml. V/4 NH,OH per litre 
in excess of control 


1.6 | 3.2) 3.2 | £6 | 20) 4:0) 34 


Since all the substances of the Bios complex occur together in natural plant 
and yeast extracts, an effort was made to determine the ideal proportion of 
the Bios fractions required for maximum activity. In no instance was it 
found that the results produced by combining various sub-optimal amounts of 
two or more fractions were greater than would be expected from the additive 
effect, and frequently they were somewhat less. Bios I (inositol), which, 
used alone, was without effect on Rhizobia, was also tested with varying 
proportions of the other three fractions, resulting in either no effect or a 
slight depression of activity. The observations of Miller e¢ al. (10), and 
Eagles et al. (5), concerning the “greater than additive” effect of Bios com- 
binations over fractions tested singly, were found to be inapplicable to the 
strains of Rhizobia studied. These workers used yeasts and lactic acid 
bacteria respectively. 


Comparative Stimulation by Bios Fractions and Known Compounds 


Since Tatum, Wood and Peterson (14) have shown vitamin B; to be essential 
for the propionic acid bacteria, and James and Knight (7) have demonstrated 
that Staphylococcus aureus is activated by that vitamin in the presence of 
nicotinic acid, these compounds were investigated as possible activators for 
Rhizobia. 

Vitamin B, is not so stable to heat as are the members of the Bios complex, 
but it appears from the work of Schopfer and Jung (13) and Robbins and 
Kavanaugh (12) that, in the event of its destruction upon sterilization, the 
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decomposition products might possess activity. Be this as it may, the media 
were sterilized in such a manner as to avoid destruction of the vitamin. The 
media were enriched with nitrogen as ammonium chloride. Vitamin B, 
alone, in concentrations ranging from 0.001 to 50 y per ml. and in combination 
with nicotinic acid in concentrations from 1000 to 0.2 y per ml., was used as 
enrichment for the media. No stimulation of acid production by the organisms 
could be ascertained. 


It was thought possible, however, that, although vitamin B; exerted no 
influence on Rhizobia when tested alone, there might be some interrelation 
between this vitamin and substances of the Bios group, and that an effect of 
vitamin B, might occur only if the two were added together. It appeared 
that, in combination with sub-optimal amounts of Bios II A or Bios II B, 
relatively high concentration of the vitamin (1 y/ml.) produced a small but 
constant stimulative effect. Since, however, such large amounts were required 
for only a slight increase in activity, vitamin B, cannot be considered a sig- 
nificant activator for the organism. 


Among other pure substances tested over a wide range of concentrations 
and found incapable of replacing the activity of fractions of the Bios group 
were uracil, choline, 8-alanine, carnosine, 8-indole-acetic and B-indole-butyric 
acids, glutathione, cysteine and vitamin C. 
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INTERFERTILITY PHENOMENA IN FOMES PINICOLA' j 

By IRENE Mounce? AND RutH Macrae? 
Abstract 
Studies of sexuality in Fomes pinicola (Sw.) Cooke based on material from 
4 43 new sources, combined with results already published (1929) have led to the 
; following conclusions: (i) Collections from North America may be divided 
i into two groups, a large Group A, and a small Group B. Monosporous mycelia 
; of any culture in Group A are compatible (mutually fertile) with those of every 
other member of the group; similarly monosporous mycelia of any member of 
’ Group B are compatible with other monosporous mycelia of Group B; but 
4 monosporous mycelia of Group A are almost completely incompatible (sterile) 
E when paired with those of Group B. (ii) Collections of European and Japanese 
P origin form a third Group C. These are almost completely compatible with 
" Group A and only partially incompatible with Group B. (iii) In Group B are 
several isolates of the so-called Populus or hardwood form of F. pinicola which 
a has been designated at times as a separate species F. marginatus. The remain- 
fe | der are, however, the typical coniferous or “‘red-belt’’ form. 
| i An earlier publication on the biology of Fomes pinicola (Sw.) Cooke (4) 
= contains a review of the literature, notes on the distribution of the fungus 
og including a host list of 91 species, observations on spore germination, cultural 
: 4 characters, effects of variation in temperature and acidity upon mycelial 
7 development, mixed cultures and the formation of a line of demarcation, 
presence of chlamydospores and the production of sporophores in culture, 
a. and the macroscopic and microscopic characters of rot caused: by this 
_&§ fungus. In addition, the following statements concerning the behavior of 
$ paired monosporous mycelia were made: 
- 1. F. pinicola is a heterothallic, bisexual (bipolar) species. 
g 2. Monosporous mycelia which had been kept in culture for five years 
. remained in the haploid condition. 
‘ 3. Many so-called sexual strains or geographical races, which were com- 
pletely cross-fertile, were found. 
: 4. Monosporous mycelia isolated from sporophores from deciduous hosts 
- were mutually fertile with those from sporophores from coniferous hosts; 
et monosporous mycelia from cultures from France and Sweden were mutually 
3 fertile with monosporous cultures from all Canadian sources except one : 
culture from British Columbia (No. 562C). These results, interpreted in the 
light of the clamp-connection criterion for identity of species, furnish experi- 
a mental evidence in support of the generally accepted conclusions (a) that 3 
F. marginatus and F. pinicola are one and the same species, and (b) that the ¢ 
European and American forms of this fungus are identical. 
Since that time a large number of cultures from various sources have been 
investigated. Some of these conclusions may be modified, others amplified, 
in the light of further experiments. ' 
Manuscript received June 17, 1938. 
‘ Contribution No. 558, Botany and Plant Pathology, Science Service, Department of 3 
3 Agriculture, Ottawa, Canada. (Continuing the series of the former Division of Botany.) ; 
f 2 Senior Assistant Agricultural Scientist (Plant Pathology), Ottawa. j 
Assistant Agricultural Scientist (Plant Pathology), Ottawa. 
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Materials and Methods 


A complete list of the cultures used, and the host and locality from which 
each came, is given in Table I. In addition to those reported previously (4) 
there are cultures from 43 new sources. Specimens from the following coni- 
ferous and deciduous hosts are included, the figure indicating the number of 
collections in each case: Abies balsamea 1, A. concolor 1, A. grandis 3; Picea 
Engelmanni 2, P. glauca 3, P. mariana 3, P. sitchensis 1, P. jezoensis 1; Pinus 
ponderosa 2, P. sylvestris 2, Pinus sp. 2; Pseudotsuga taxifolia 3; Tsuga hetero- 
phylla 7; Betula occidentalis 1, B. papyrifera 2, Betula sp. 2; Populus balsami- 
fera 2, P. tremuloides 3; Prunus serotina 1; Salix sp. 1. These specimens are 
from the following localities, in Canada: British Columbia 9, Alberta 2, 
Saskatchewan 2, Manitoba 4, Ontario 1, New Brunswick 1; in the United 
States: Arizona 1, California 1, Idaho 1, Minnesota 3, South Dakota 1, 
Washington 9, Wisconsin 1; in Alaska 2; in Europe: France 1, Sweden 1, 
Germany 3; and in Japan 2. 

Sporophores were obtained from cultures grown on prune agar or on small 
blocks of coniferous or deciduous wood which had been surface sterilized in 
acetic acid fumes (3), then placed on the slanted surface of prune agar in 
250-cc. flasks. Basidiospores were collected on a sterile cover-slip placed 
beneath a fruit-body. Spore dilutions were made in sterile distilled water 
and poured over the surface of lactose gelatine in Petri plates. After germina- 
tion, isolations were made by cutting out, with a fine needle under the com- 
pound microscope, a square of gelatine containing a single spore and placing 
it in a tube of malt agar. Numbers of single spore isolations,.were made from 
each of the cultures listed. 


Paired Monosporous Mycelia 


(A) From the Same Fruit-body 


A series of pairings in all possible combinations of a number of haploid 
mycelia was made for 20 of the cultures listed in Table I. In every case the 
haploid mycelia could be divided into two groups. Clamp-connections 
were formed in every pairing of a member of one group with a member of 
the other group. The fungi from which the single spore cultures were made 
are, therefore, ‘‘heterothallic’’ and bipolar. These results corroborate those 
published earlier, where tables and a detailed explanation are given (4, pp. 
41, 45). 

It was noted (4, p. 43) that chlamydospores are produced in some cultures 
of F. pinicola. When isolated they germinate readily, and as was to be 
expected, produce a mycelium which is indistinguishable from the parent 
mycelium. When chlamydospores from a monosporous culture are isolated 
and grown, and the mycelia used in pairings, the results are identical in each 
case with those obtained when the parent mycelium is used. 


Monosporous mycelia which had been kept in culture ten years remained 
in the haploid condition, and their reactions in pairings remained unchanged. 
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(B) From Different Fruit-bodies 


: In Table I a detailed list is given of the pairings which have been made, 
using monosporous mycelia of F. pinicola from different sources. It includes 
the culture number, host, and locality of each isolate used, the total number 
X of pairings made, and the numbers in which clamp-connections were present 
é or absent. In the earlier part of the investigation a new isolate was paired 
; with most or all of the other isolates for which monosporous mycelia were 
F available. Later, when the existence of three groups seemed fairly definite, 
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a new isolate was paired with only a few representatives of each group. The 
results of such pairings established the group to which the new isolate belonged. 

In Table II these results are summarized and presented graphically. The 
following signs have been used: 

(+) to indicate that clamp-connections were produced in every pairing of a 
monosporous mycelium from one source with one from the second 
source. 

(—) to indicate that no clamp-connections were found in any pairing of 
monosporous mycelia from these two sources. 

(+) to indicate the presence of clamp-connections in the greater proportion 
of pairings made, but not in all. 

(+) to indicate the absence of clamp-connections in the greater proportion 
of pairings made. 

(+) to indicate that with one exception clamp-connections were produced in 
every pairing made. 

(+) to indicate that with one exception no clamp-connections were produced 
in any pairing. ; 

From Table II it is evident that in general the isolates. of North American 
origin may be divided into two groups, a large Group A, and a small Group B. 
Monosporous mycelia from an isolate in Group A are compatible (mutually 
fertile) with monosporous mycelia from other members of Group A; similarly 
monosporous mycelia from an isolate in Group B are compatible with other 
monosporous mycelia of Group B; but monosporous mycelia from isolates in 
Group A are almost completely incompatible with monosporous mycelia from 
Group B. This might suggest the possibility of the presence of two species 
were it not for the results obtained when monosporous mycelia from Group A 
and from Group B are paired with those from a number of isolates of non- 
American origin. The latter form a third Group C, the members of which 
are completely compatible among themselves, almost completely compatible 
with Group A, and only partially incompatible with Group B. 

The geographical distribution of these three, Group A (@), Group B (O), 
and Group C (©), is shown in Fig. 1. Group A, which contains isolates from 
species of Abies, Picea, Pinus, Pseudotsuga, ‘T. suga, Betula, Populus, and 
Prunus, has a known geographical range in Canada of British Columbia, 
Alberta, Saskatchewan, Manitoba, Ontario, and New Brunswick, in the 
United States a range of California, Washington, Idaho, South Dakota, 
Minnesota and Wisconsin, and in Alaska; Group B, which contains isolates 
from Picea, Tsuga, and Populus, has a known geographical range of British 
Columbia, Saskatchewan, Manitoba, and Ontario in Canada, Arizona in the 
United States, and Alaska; Group C, which contains isolates from species of 
Picea, Pinus, Betula, and Salix, has a known geographical range of France, 
Sweden, Germany and Japan. 


Culture 1002 was of interest because it was received from the Centraalbureau 
voor Schimmelcultures, Baarn, Holland, and was presumed to be of European 
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origin (Group C). However, when pairings were made, the results were 
identical with those found in Group A of North American material. Later, 
Dr. Westerdijk assured us that the culture came originally from Wisconsin. 


As only nine of a total of 52 isolates tested were found to belong to Group B, 
the proportion of such incompatible isolates would seem to be small. The 
nine isolates came from Vancouver and Englewood in British Columbia, Lake 
Waskesiu in Saskatchewan, Victoria Beach in Manitoba, Minaki in western 
Ontario, Arizona and Alaska. With the exception of Arizona, from which 
only the one culture was available, members of Group A have also been found 
in these same localities. The isolates in Group B came from Tsuga, Picea, 
and Populus, and members of Group A have been found on these same host 
species. Since members of Group A have been found on each host species 
on which a member of Group B occurred, and in each locality, it seems definite 
that incompatibility in Fomes pinicola is not influenced primarily either by 
host or geographical distribution. 


6 
) 
\ 
@ North Amertcan oregen ( 
© North American oregin 
| Foretgn oregen 


Fic. 1. Map showing the geographical distribution of the collections of Fomes pinicola 
from which monosporous isolations were obtained and pairings made. 


Members of Group B are of further interest because they include three 
cultures, 2251, 2379, and 3249, isolated from sporophores which grew on 
Populus and typical of the form common on that host—a form which is 
sufficiently distinct that at times it has been considered a variety or has been 
given specific rank as F. marginatus. Such sporophores are a more or less 
uniform white, buff, or light gray with occasionally a darker band, but with 
no trace of the red coloration or resinous exudate so characteristic of F. pinicola. 
The remainder of the isolates in Group B, however, although they behave in 
identical fashion, originated from fruit-bodies of the type commonly found 
on coniferous hosts, fruit-bodies which were indistinguishable macroscopically 
or microscopically from sporophores used as sources of cultures in Group A. 
Interestingly enough, members of compatible and incompatible groups (A and 
B) were found side by side in British Columbia at Englewood and in the 
vicinity of Vancouver, in Saskatchewan at Lake Waskesiu, in Manitoba at 
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Victoria Beach, and both occur in Alaska (Fig. 1). They are separable only 
after pairings have been made. Conversely, not all isolates from Populus 
fall into Group B; 6616 and 6617 both grew on Populus tremuloides at Cloquet, 
Minn., yet pairings show that they belong in Group A. 


Through the courtesy of Miss Dorothy Blaisdell we have just received the 
following notes on U.S.D.A. specimens 59015 and 59019, from which cultures 
6616 and 6617 respectively were made. The former ‘thas a rather wide red 
margin and is a dark gray to dark mahogany brown”, the latter “‘is a light 
gray and has a very narrow margin of red’’. The presence of such a red 
margin would indicate that though these sporophores grew on Populus they 
do not belong to the typical so-called Populus form. 


(C) From Two Fruit-bodies Which Grew on the Same Tree 

One example was given previously (4, p. 48, Table IX, p. 45) where pairings 
were made between monosporous mycelia which originated from two different 
sporophores, 285A and 285B, growing on a specimen of Picea mariana at 
Timagami, Ont. Any monosporous mycelium from 285A was compatible 
with any mycelium from 285B. Apparently then, there was more than one 
source of infection in this tree, and the mycelium which produced 285A was 
of different origin from that which produced 285B. If they had both originated 
from the same diploid mycelium, and monosporous mycelia from the two fruit- 
bodies had been paired, they would ‘‘react together in every respect as though 
they had been isolated from a single fruit-body”’ (2 p. 442). 


This example is included in Table II together with five other pairs of fruit- 
bodies which were tested subsequently :— cultures 1015A and 1015B from two 
sporophores on (?)7Tsuga heterophylla, Vancouver, B.C.; 1152A and 1152B 
from two sporophores on Picea Engelmanni, Lead Point, Wash.; 1155A and 
1155B, from two sporophores on Abies grandis, Northport, Wash.; 1264 and 
1265 from two sporophores on Tsuga heterophylla, Englewood, B.C.; and 
1169B and 1169C from two sporophores on Tsuga heterophylla, Trail, B.C. 
In every case but one, the two isolates were identical when judged by their 
behavior in pairings, 7.e., monosporous mycelia from them reacted as if they 
had been isolated from a single fruit-body; but monosporous mycelia from 
1169B and 1169C were compatible when paired, which indicates, as in the 
case of 285A and 285B cited above, two separate infections in the one tree. 


As was pointed out earlier (4, pp. 44, 48), the behavior of F. pinicola does 
not conform entirely with that reported by Vandendries for Coprinus micaceus 
(5,6). He made an exhaustive study of the behavior of American and Euro- 
pean isolates of this fungus, but only those conclusions based on experiments 
which have been duplicated more or less with isolates of F. pinicola will be 
considered here. Vandendries (6) found: (1) ‘“‘Entre souches d’une méme 
région, mais suffisamment distantes pour qu’on puisse les considérer comme 
étrangéres l’une a l'autre, la fertilité est la régle. Cette loi souffre cependant 
des exceptions, dues 4 des mutations; (2) Les souches européennes, cueillies 
a des grandes distances les unes des autres, sont, en général,'stériles entre elles. 
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{l y a pour cette loi des exceptions que les conclusions 4 et 5 expliquent; 
(3) Les souches américaines sont portées 4 la fertilité entre elles. On trouve 
a cette loi des exceptions assez nombreuses entre souches trés éloignées l’une 
de l’autre; (4) Entre races américaines et races européennes, la stérilité est 
générale. Les rares exceptions 4 cette loi s’expliquent par des mutations 
individuelles.’’ His final conclusion was: ‘‘A la surface du globe existe actuel- 
lement pour Coprinus micaceus un état d’équilibre sexuel, dominé par deux 
conditions: 1°. les populations trés éloignées l’une de l’autre sont stériles 
quand on les met en contact; 2°. les populations d’une région donnée sont 
fertiles entre elles. 


“Toute perturbation dans cet état d’harmonie naturelle trouve sa source 
dans des mutations. Celles-ci sont indépendantes de facteurs extrins¢ques 
tels que climat, latitude, habitat, agents naturels extérieurs. 


individus mutants ne constituant qu’une minorité, l'état d’équilibre 
défini est appelé a persister, comme conséquence inéluctable des lois de |’héré- 
dité et de la loi du nombre.” 


A glance at Table II shows that as far as F. pinicola is concerned, (i) fertility 
is the rule; (ii) isolates of European origin, from France, Sweden, and Germany, 
as well as those from Japan were all mutually fertile (compatible) ; (iii) Ameri- 
can isolates tend to be fertile among themselves; (iv) fertility (compatibility) 
is the rule, sterility the exception, between European and American isolates. 


In his study of sexuality of Auricularia Auricula-Judae, Barnett (1) used 
seven collections which originated in New York, Nebraska, North Carolina, 
Iowa and Colorado respectively. He found this fungus typically bipolar. 
Complete compatibility existed between five of the seven collections, while 
the remainder were partially or completely incompatible. The two isolates 
involved in these irregular pairings were the ones from New York and Colorado. 
Barnett (1, p. 645) also notes, ‘‘In addition to pairings between fruit-bodies 
of different collections, complete compatibility was found to exist between 
two fruit-bodies of A. Auricula-Judae taken from the same collection. This 
was also true of two fruit-bodies of Exidia saccharina growing on the same 
stick within 12 in. of each other, and for two fruit-bodies of E. glandulosa 
growing but 2 in. apart.” 


The similarity between the behavior of F. pinicola and A. Auricula-Judae 
is striking. F. pinicola is bipolar. Isolates of North American origin are in 
the main compatible, though there are a few which are incompatible and a very 
few which are partially compatible. Two instances have been given of com- 
plete compatibility between two fruit-bodies growing on the same tree. In 
addition, it has been shown for F. pinicola (a) that among isolates of North 
American origin those few which are incompatible with the majority of isolates 
are compatible among themselves, and ()) that isolates of non-American 
origin are completely compatible among themselves and with the majority 
of isolates of North American origin, and only partially incompatible with 
the remainder. 
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Rotting of Wood by Monosporous Mycelia of Fomes pinicola 

Large test tubes each containing 17 cc. of malt agar and one block of Picea 
sitchensis 3 by } by 3 in. were sterilized for 30 min. at 15 lb. steam pressure. 
Later they were inoculated with agar from cultures of monosporous mycelia 
of Fomes pinicola, incubated at 25° C. until a mycelium began to grow from 
the inoculum, then kept on a shelf in the laboratory at room temperature. 

Six months later all the cultures had dried out, and were moistened. At 
the end of seven months the wood blocks were removed from the tubes and 
examined. The blocks in eight of the tubes showed little change; apparently 
the fungus had not taken hold before the culture dried. Of the remaining 
three, the block inoculated with culture No. 928-2 (Sweden) showed typical 
rot within though no sign of growth on the outside, while those inoculated 
with 562C-4 (British Columbia) and 694-1 (New Brunswick) were covered 
with a dense mycelial mat, and the wood was in an advanced stage of decay. 
In sections of wood rotted by monosporous cultures, hyphae were present 
and could be traced for some distance, but all showed simple septa instead 
of the usual clamp-connections. 
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VARIETAL DIFFERENCES IN BARLEYS AND MALTS 


I. NITROGEN DISTRIBUTION AMONG PROTEIN FRACTIONS OF 
BARLEY! 


By J. ANSEL ANDERSON? AND C. ALAN AYRE? 


Abstract 


Determinations of total nitrogen and nitrogen fractions were made on 144 
samples of barley representing 12 varieties grown at each of 12 widely separated 
experimental stations in Canada. 

A highly significant positive correlation between alcohol-soluble protein 
nitrogen and total nitrogen was found both within and between varieties. No 
correlation between total nitrogen and other nitrogen fractions was found 
between varieties; but significant positive correlations were found within varie- 
ties, that for insoluble protein nitrogen being considerably higher than those 
for total salt-soluble nitrogen, salt-soluble protein nitrogen, and non-protein 
nitrogen. With increasing total nitrogen, the proportion in salt-soluble form 
decreases, that in alcohol-soluble form increases, and that in insoluble form 
remains relatively constant. The results thus offer further support for Bishop’s 
“Protein regularity principle”’. 

Mean varietal differences were found with respect to each nitrogen fraction, 
but elucidation of differences in nitrogen distribution patterns was complicated 
by the effect of varietal differences in total nitrogen content. Statistical analyses 
demonstrated the validity of eliminating this effect by adjusting varietal means 
for fractions to values corresponding to equal total nitrogen contents. When 
this was done it was found: that the three two-rowed varieties (Charlotte- 
town 80, Hannchen, and Victory) were higher in alcohol-soluble protein nitrogen 
and lower in insoluble protein nitrogen than any of the six-rowed varieties; and 
that the four smooth-awned six-rowed varieties (Nobarb, Regal, Velvet, and 
Wisconsin 38) were lower in total salt-soluble nitrogen and higher in insoluble 
nitrogen than any of the rough-awned six-rowed varieties (O.A.C. 21, Mensury, 
Ott. 60, Olli, Peatland, and Pontiac). Owing to the variation between varieties 
within classes, and the small number of varieties studied, the average differences 
between the three classes are not statistically significant. Nevertheless, since 
by comparison with the rough-awned six-rowed varieties, the two-rowed varie- 
ties yield higher malt extracts, and the four smooth-awned varieties yield lower 
malt extracts and are lower in enzymatic activity, the indications of a possible 
relation between nitrogen distribution and malting quality are interesting. 


As a result of investigations made by Bishop (1, 3), Hofman-Bang (7), 
and Fink and Kunisch (5), it is apparent that the distribution of nitrogen 
among the various protein fractions of barley is greatly influenced by the 
environment in which the barley is grown and that the environmental effect 
on this distribution is closely related to the effect on total nitrogen content. 
Thus it has been demonstrated that with increasing total nitrogen, within 
any variety, the percentage of total nitrogen in salt-soluble form decreases, 
the percentage in alcohol-soluble form ipcreases, and the percentage in 
insoluble form remains relatively constant. It has also been shown that the 
distribution of the nitrogen is influenced by variety so that, at any given 
total nitrogen content, the proportions of each protein fraction present may 
differ from one variety to the next. 


1 Manuscript received August 11, 1938. 


Contribution from the Division of Biology and Agriculture, National Research Labora- 
lories, Ottawa. Published as Paper No. 138 of the Associate Committee on Grain Research of 
the National Research Council of Canada and the Dominion Department of Agriculture. 


2 Biochemist, National Research Laboratories, Ottawa. 
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The authors listed above, and others cited by them, confined their investi- 
gations almost entirely to two-rowed varieties, and no similar investigations 
of the six-rowed Manchurian varieties used for the preparation of brewers’ 
malt on this continent have come to the authors’ attention. Moreover, in 
general, the varieties studied differed little in malting qualities. As a result, 
no direct relation between nitrogen distribution in different varieties and 
their malting qualities has yet been established, although it has been inferred 
that with some varieties, high permanently soluble nitrogen in the wort is 
the result, at least in part, of high salt-soluble nitrogen in the barley. 

The present investigation was undertaken with the object of determining 
differences in the nitrogen distribution amongst a representative set of the 
barley varieties grown in Canada. The set includes five rough-awned six- 
rowed varieties, four smooth-awned six-rowed varieties, and three two-rowed 
varieties. In order to facilitate investigation of possible relations between 
nitrogen distribution and other barley and malt properties, the varieties 
were selected so as to provide a range differing as widely as possible in bio- 
chemical and agronomic characteristics. Moreover, all the varieties were 
grown at each of 12 widely separated experimental stations in Canada, and 
additional study of the effect of environment on nitrogen distribution was 
therefore possible. 

This paper deals only with data collected in the initial study of the distri- 
bution of the nitrogen among the various protein fractions. The relation 
of these data to those on other barley and malt qualities will be reported in 
following papers of this series. - 


Materials 


The investigation was made with 12 varieties of barley, each of which was 
grown in 1937 at 12 experimental stations in Canada. 


Varieties 

O.A.C. 21 is a six-rowed, rough-awned variety of the Manchurian type with 
a blue aleurone layer and short-haired rachilla. This variety is very satis- 
factory for the production of brewers’ malts under Canadian conditions, 
and it is officially recognized as a standard for malting quality, since the 
Canada Grain Act specifies that all varieties admitted to the top three grades 
of Canada Western Six-row Barley shall be ‘‘equal in value for malting purposes 
toO.A.C. 21.” The variety yields moderately well over a wide range of environ- 
ments, but the straw is rather weak and the heads tend to break off at the neck. 
Although O.A.C. 21 cannot be considered entirely satisfactory from the 
agronomic viewpoint, it is still widely grown in both eastern and western 
Canada because of its superior malting qualities. 

Mensury, Ott. 60 is almost indistinguishable in appearance and properties 
from O.A.C. 21 and is admitted to the malting grades. It has a somewhat 
stiffer straw and is rather widely grown in the Province of Manitoba. 

Olli is also similar to O.A.C. 21, but has a somewhat smaller kernel. 
Although it is not yet admitted to the malting grades, it is considered promising 
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from the malting viewpoint, mainly because of its high extract yield and high 
enzymatic activity. The variety was introduced from Finland and is one 
of the earliest maturing of those grown in Canada. For this reason it is 
becoming popular in the Peace River District in northern Alberta and may 
spread to other northern areas. 

Peatland has a small kernel like Olli but differs from it in that the aleurone 
layer is yellow. Although admitted to the malting grades, it is now con- 
sidered of doubtful value for malting purposes because of its tendency to 
produce grain of high nitrogen content. The variety was introduced in 
the belief that it would be suitable for the gray wooded soils of north-central 
Alberta, but it has hardly lived up to its earlier promise. Its stiff straw and 
resistance to stem rust make it an attractive parent for breeding work, in 
which it is now being widely exploited. 

Pontiac is also a six-rowed, rough-awned variety similar in general charac- 
teristics to O.A.C. 21. It is a comparatively new selection from Mensury 
and has not yet been licensed for general distribution. Comparatively little 
is known of its malting properties, but data obtained in the laboratory suggest 
that these are satisfactory. 


Nobarb, Regal, Wisconsin Ped. 38, and Velvet are all smooth-awned, six- 
rowed varieties developed from crosses in which the smooth-awned variety 
Lion was one of the original parents. Nobarb has a short-haired rachilla 
and the others have long-haired rachillae. All have yellow aleurone layers. 
In Canada, these varieties are considered unsatisfactory for malting purposes. 
The hulls are loosely attached, and as a result the acrospires tend to split 
the hulls during germination, thus producing a ragged, unevenly grown malt 
which is subject to further damage during the cleaning process. All four 
varieties yield malts with comparatively low extract, and all but Velvet are 
characterized by low enzymatic activity. These smooth-awned varieties 
are popular with farmers because they are more pleasant to handle and yield 
straw which is more suitable for feeding purposes. In general, they are some- 
what more satisfactory from the agronomic viewpoint than the rough-awned 
six-rowed varieties. As a result, their popularity is growing steadily amongst 
farmers in both eastern and western Canada. 

Hannchen, Charlottetown 80, and Victory are rough-awned, two-rowed varie- 
ties with yellow aleurone layers and long-haired rachillae. The first has a 
compact wide head, and the other two have Jax narrow heads. The environ- 
mental conditions which prevail over most of the barley-growing areas in 
Canada tend to produce grain of comparatively high nitrogen content. Under 
these conditions the two-rowed barleys with their larger kernels produce 
grain which fails to modify adequately in the six-day germination period 
used in Canada. For this reason, the amount of two-rowed barley malted 
in Canada is almost negligible, and little is known of the comparative . 
malting qualities of the two-rowed varieties. These, however, are grown 
fairly widely for feed purposes. Hannchen is confined largely to the Prairie 
Provinces, whereas Charlottetown 80 is popular in the east. Victory is a 
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comparatively new introduction from Sweden and shows some promise in 
Alberta. 


Stations 
The barleys were grown in 1937 at the following twelve experimental 
stations: 
1. Dominion Experimental Farm, Nappan, Nova Scotia. 
2. Dominion Experimental Station, Fredericton, New Brunswick. 
3. Dominion Experimental Station, Ste. Anne de la Pocatiére, Quebec. 
4. Macdonald College, Ste. Anne de Bellevue, Quebec. 
5. Ontario Agricultural College, Guelph, Ontario. 
6. Central Experimental Farm, Ottawa, Ontario. 
7. Dominion Experimental Farm, Brandon, Manitoba. 
8. Dominion Illustration Station, Gilbert Plains, Manitoba. 
9. University of Manitoba, Winnipeg, Manitoba. 
10. Dominion Experimental Sub-station, Beaverlodge, Alberta. 
11. Dominion Experimental Station, Lacombe, Alberta. 
12. Dominion Experimental Station, Lethbridge, Alberta. 


It will be observed that these stations are scattered over the grain-growing 
areas in Canada from the east coast to the Rocky Mountains. Wide-spread 
drought in Saskatchewan in 1937 prevented the inclusion of stations in that 
province. 


Field Plan ° 

The 12 varieties studied were selected from a total of 24 which were being 
grown in a trial conducted annually for the study of the agronomic charac- 
teristics of the varieties. The seed used was authentic pedigreed stock dis- 
tributed from the Central Experimental Farm, Ottawa. The barleys were 
grown in plots of five rod-rows arranged in a modified balanced block with 
quadruplicate plots for each variety. Marginal effects were reduced by 
harvesting only the central three rows of each plot. The samples used in 
the present study were obtained by bulking and mixing the grain from the 
four quadruplicate plots and subsequently obtaining a small representative 
aliquot by the use of a Boerner Sampler. : 


Laboratory Methods 


The samples were ground in a Wiley mill and then, following the advice 
of Hofman-Bang (6), they were ground for 24 hr. in a ball mill. 

Total salt-soluble nitrogen and alcohol-soluble protein nitrogen were deter- 
mined on the same 5-gm. sample by Bishop’s methods (2). Insoluble protein 
nitrogen was calculated by subtracting the sum of these two fractions from 
total nitrogen. Non-protein nitrogen was determined, as an afterthought, 
by extracting a second 5-gm. sample with salt solution according to Bishop’s 
method, precipitating the protein nitrogen with 5% trichloracetic, filtering, 
and determining the nitrogen in an aliquot of the filtrate. Salt-soluble 
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protein nitrogen was calculated by subtracting non-protein nitrogen from 
total salt-soluble nitrogen. 

Preliminary investigations showed that results could be reproduced satis- 
factorily by the methods used. However, in order to provide a check on the 
precision of analyses during the investigation, duplicate determinations were 
made on one-third of the samples and standard deviations were calculated 
from the data thus obtained. The samples on which duplicate determinations 
were made were selected at random, after imposing the limitation that four 
samples of each variety and four samples from each station should be chosen. 
Varietal and station means have therefore equal weights and comprise the 
results of 16 determinations, i.e. single determinations on eight samples and 
duplicate determinations on four more. The standard deviations of the means 
of 16 determinations, in terms of nitrogen as percentage of dry matter, were 
found to be as follows:— non-protein nitrogen, 0.004; total salt-soluble 
nitrogen, 0.006; and alcohol-soluble protein nitrogen, 0.005. 

Total nitrogen was determined in duplicate on all samples. One set of 
determinations was made on the samples ground in the ball mill and a second 
set was made on separate aliquots of barley ground in a Wiley mill only. 
Varietal and station means thus represent the mean of 24 determinations, 
and an estimate of the combined sampling and analytical errors is available 
for the determination of total nitrogen. The standard deviation of the mean 
of 24 determinations proved to be 0.009. 


Results and Discussion 
Relation Between Total Nitrogen and Nitrogen of Fractions 


The data on total nitrogen and on the various fractions into which it was 
separated are summarized in Table I as means for each station over all 
varieties. The stations are listed in order of increasing total nitrogen content 
of the barley and all data are given as percentages of dry matter. 

It is apparent that the nitrogen of each fraction tends to increase with 
increasing total nitrogen content. A measure of the degree of association 
of total nitrogen with the nitrogen of each fraction is provided by the coeffi- 
cients of correlation given in the last line but one of the table. These all 
proved to be highly significant, but there are marked differences between 
them. It is apparent that the relation between total nitrogen and alcohol- 
soluble nitrogen is quite close, between total nitrogen and insoluble protein 
nitrogen is fairly close, and that the relations‘between total nitrogen and the 
other fractions are of a much lower order. 

A possible explanation of the differences in the degree of association of 
total nitrogen with the nitrogen of the various fractions may lie in the methods 
of determining the latter. These methods effect arbitrary separations, 
particularly when applied to the mixtures of hulls, germs, bran, aleurone, 
and endosperm which result when barley is ground. Of the various fractions 
separated, there can be little doubt that the alcohol-soluble portion most 
nearly represents a single protein. The amount of alcohol-soluble nitrogen 
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TABLE I 


MEAN TOTAL NITROGEN AND NITROGEN FRACTIONS FOR EACH STATION, AS PERCENTAGES 
OF DRY MATTER 


Salt-soluble 
Station nitrogen Protein | poral protein 
Nappan 1.540 305 462 
Fredericton 1.738 .342 . 662 .582 .494 
Ste. Anne de Bellevue 1.932 .699 .587 
Ste. Anne de la Pocatiére 2.278 . 338 686 .893 .699 
Lethbridge 2.294 .349 .462 .812 .893 .589 
Winnipeg 2.333 .359 .398 .921 
Brandon .342 .399 .962 .654 
Guelph 2.381 .352 445 .197 .932 .652 
Ottawa 2.526 .361 411 1.030 724 
Lacombe 2.668 .395 . 396 .791 1.182 695 
Beaverlodge 2.674 .349 .393 . 742 1.208 723 
Gilbert Plains 2.687 .807 1.065 815 
Coefficient of correlation with total 
nitrogen* .823 .736 .851 .985 .926 
Coefficient of regression on_ total 
nitrogen .060 . 104 .167 . 589 


* Required for 1% level of significance, 0.708. 


in the hulls and germs is almost negligible (9) and the fraction isolated is 
probably obtained almost entirely from the remainder of the kernel. Accord- 
ing to Osborne (8) and most subsequent investigators, the alcohol-soluble 
fraction represents a single protein, namely, hordein. On the other hand, 
Rose and Anderson (9) believe that alcohol removes an arbitrarily chosen 
fraction of a protein complex. This fraction, however, may well represent 
a fairly constant proportion of the protein complex. 

In contrast, it seems clear that the other fractions represent mixtures of 
various degrees of complexity. The insoluble portion appears to represent 
a part of the main protein complex, mixed with smaller amounts of an entirely 
different protein from the germ (9), and other proteins from the hulls and 
other parts of the kernel. The salt-soluble fraction consists of mixtures of 
albumins and giobulins obtained from both endosperm and germ, and some 
non-protein nitrogen also appears to exist in each part of the kernel. 

With these considerations in mind, it is perhaps not surprising that the 
highest degree of association is found between total nitrogen and the most 
distinct protein fraction, namely, the alcohol-soluble one. Such associations 
as may exist between total nitrogen and other individual proteins may well 
be partly masked by admixture of fractions with which total nitrogen is 
not closely associated. 

The functions of the various protein fractions in the metabolism of the 
plant also have a bearing on this question. According to Bishop (4), the 
hordein (alcohol-soluble protein) represents a reserve or storage protein. 
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It is laid down during the filling process and presumably plays no further part 
in the metabolism until it is again drawn upon when the seed germinates. 
If this is true, it seems logical to suppose that as increasing amounts of nit- 
rogen are transferred to the grain, increasing amounts will be stored as hordein, 
and a close relation between total nitrogen and the alcohol-soluble fraction 
would thus be expected. According to Rose and Anderson (9), the alcohol- 
soluble fraction and the main portion of the insoluble fraction should be 
considered as one protein complex, presumably functioning as a reserve. 
It follows that a close relation between total nitrogen and the insoluble 
protein fraction is also to be expected, though this degree of association 
might be lowered by the masking effect of admixtures of small amounts of 
other fractions from other parts of the grain. The results of the present 
investigation fit these hypotheses, since it is apparent that a large proportion 
of the environmental factors which govern the total nitrogen content of the 
grain also control the amounts of alcohol-soluble protein and insoluble protein 
laid down in it. 

On the other hand, it seems probable that the more soluble proteins and 
the non-protein nitrogen compounds are functioning in the metabolic processes 
of the grain at the time of harvesting. The amounts of these present in the 
grain, though related to the total nitrogen content, may be governed also 
by prevailing, or recently prevailing, environmental conditions which have 
comparatively little effect on the total nitrogen content (cf., 3, 5). The 
number of environmental factors common to the control of both total nit- 
rogen and any of the more soluble nitrogen fractions would accordingly be 
lower. The results also support this hypothesis. 

Further reference to Table I will show that the increases in the nitrogen 
of the different nitrogen fractions for equal increases in total nitrogen are 
not the same. These differences are best illustrated by means of the regression 
coefficients, given in the last line of the table, which represent the average 


TABLE II 
RELATION OF NITROGEN DISTRIBUTION TO TOTAL NITROGEN CONTENT - 


Total : Percentage of total nitrogen 
nitrogen, - 
Station % Total salt- Alcohol- Insoluble 

of dry soluble soluble protein protein 

matter nitrogen nitrogen nitrogen 
Nappan 1.540 38.8 at .2 30.0 
Fredericton 1.738 38.1 $3.5 28.4 
Ste. Anne de la Pocatiére 1.932 33.4 36.2 30.4 
Ste. Anne de Bellevue 2.278 30.1 39.2 30.7 
Lethbridge 2.294 35.4 38.9 25.4 
Winnipeg 2.339 32.4 39.5 28.1 
Brandon 2.357 31.4 40.8 
Guelph 2.381 33.5 39.1 27.4 
Ottawa 2.526 30.6 40.8 28.7 
Lacombe 2.668 29.6 44.3 26.0 
Beaverlodge 2.674 A 45.2 27.0 
Gilbert Plains 2.687 30.0 39.6 30.3 
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unit increase of the nitrogen of the fractions per unit increase in total nitrogen. 
The alcohol-soluble fraction increases more than twice as fast as the insoluble 
fraction, and the latter increases about one and a half times as fast as the 
total salt-soluble fraction. 


The effect of these differences in the regression coefficients on the distri- 
bution of the nitrogen at different total nitrogen levels is illustrated more 
clearly in Table II, in which the nitrogen of each of the three main fractions 
is reported as a percentage of total nitrogen. It is apparent that as the total 
nitrogen increases, the percentage of it in salt-soluble form decreases, the 
percentage in alcohol-soluble form increases, and the percentage in insoluble 
form remains relatively constant. These conclusions are identical with those 
of Bishop (1, 3), Hofman-Bang (7), and Fink and Kunisch (5). 


Varietal Differences 
Table III contains the mean values for each variety, together with the 


necessary differences between means required for a 5% level of significance. 


TABLE III 


MEAN TOTAL NITROGEN AND NITROGEN FRACTIONS FOR EACH VARIETY, AS PERCENTAGES 
OF DRY MATTER : 


Salt-soluble 
Total Alcoho!l- Insoluble 
Class Variety ‘i Non- x soluble protein 
protein . Total protein nitrogen 
nitrogen i 
nitrogen nitrogen 

Six-rowed, rough- O.A.C, 21 2.242 357 418 .774 883 585 
awned Mensury, Ott. 60 2.303 368 .414 782 . 899 622 

Olli 2.215 .376 -418 .794 .772 .649 

Peatland 2.471 366 402 768 1.028 675 

Pontiac 2.278 362 333 735 918 625 

Six-rowed, smooth- | Nobarb 2.194 327 350 -677 822 695 
awned Regal 2.352 348 . 362 710 923 718 
Velvet 2.372 .351 .367 .718 .945 .710 

Wisconsin 38 2.240 329 334 -663 891 686 

Two-rowed, rough- | Charlottetown 80 2.298 .347 .404 .751 .962 .584 
awned Hannchen 2.225 + » 882 -618 
Victory 2.228 . 382 -723 .922 .583 

Mean, over all varieties 2.284 .350 383 .734 .904 -646 
Necessary difference, 5% level .079 .010 .014 .028 .055 .036 


It can be assumed that if the difference between the means for two varieties 
equals the necessary difference, the odds are 19 to 1 that a real difference 
between the varieties is operating to spread the means. It also follows that 
as the difference between means increases over that required for a 5% level 
of significance, the odds that a varietal difference exists also increase. 


Inspection of the data will show that varietal differences exist with respect 
to total nitrogen and each of the fractions measured. This is the conclusion 
reached by Bishop (1, 3), who studied mainly the English two-rowed varieties 
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and found that the differences between them are confined largely to differences 
in salt-soluble and glutelin (insoluble) nitrogen. He noted, however, that 
the six-rowed variety F.112 differed markedly from the two-rowed varieties 
in its content of hordein (alcohol-soluble) nitrogen. Hofman-Bang (7) 
studied Danish two-rowed varieties and found that differences were most 
marked with respect to glutelin nitrogen. Fink and Kunisch (5) also con- 
fined their investigations to two-rowed varieties. They conclude that variety 
influences the nitrogen distribution, but state that varietal differences in 
glutelin content are for the most part so small that this can hardly serve as 
a varietal characteristic. If the latter conclusion is intended as a broad 
generalization, it is difficult to understand in view of the findings of earlier 
investigators. The truth appears to be that any given pair of varieties may 
differ with respect to one or more nitrogen fractions, and that a complete 
examination is required before it is possible to decide whether or not the 
varieties exhibit different nitrogen distribution patterns. 

The varietal differences with respect to the various nitrogen fractions, 
shown by the data in Table III, are difficult to interpret owing to the com- 
plicating effect of varietal differences in total nitrogen content. For instance, 
it is impossible to tell by inspection whether Peatland is really characterized 
by high alcohol-soluble nitrogen, or whether the value for this fraction merely 
reflects the fact that Peatland is very high in total nitrogen content. 

This difficulty can be overcome for the insoluble fraction by translating - 
the values into percentages of total nitrogen, since it has been shown that the 
insoluble nitrogen represents a fairly constant percentage of the total nitrogen 
at all nitrogen levels. On the other hand, since salt-soluble nitrogen as per- 
centage of total nitrogen decreases, and alcohol-soluble nitrogen as percentage 
of total nitrogen increases, with increasing nitrogen content, this stratagem 
will not serve for the treatment of these two fractions. 

The problem is best solved by obtaining values representing the nitrogen 
distribution for each variety at equal total nitrogen contents. This process — 
involves calculation of the coefficients of regression of the nitrogen of each 
fraction on total nitrogen. These coefficients are then used to adjust the 
varietal means for each nitrogen fraction to the values corresponding to a 
total nitrogen content of 2.28%, which figure represents the mean total 
nitrogen content of all varieties. The statistical analyses involved in carrying 
out this procedure, and in testing the validity of its application in the present 
instance, are described in the next section. - 

The adjusted varietal means for total salt-soluble, alcohol-soluble, and 
insoluble nitrogen are given in Table IV. It should be noted first that the 
solution of the problem is not perfect. If it were, the sum of the values for 
the three fractions, for each variety, would equal 2.28. The actual totals 
obtained are listed in the last column of the table. Since the maximum 
difference between the totals (0.07) represents only 3% of the mean value 
(2.28), it is apparent that the errors introduced by the method of calculation 
are of no great consequence. 
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The adjusted means given in Table IV present an entirely different picture 
from that presented by the original data (Table III). The order of the 
varieties with respect to each fraction is considerably changed, but differences 
between various pairs of varieties are still marked. A comparison of these 
differences, with those required for 5% level of significance, given in the last 
line of the table, leaves no room for doubt that the nitrogen distribution 
pattern at equal total nitrogen contents is a varietal characteristic. 


TABLE IV 


VARIETAL MEANS FOR NITROGEN FRACTIONS ADJUSTED BY CALCULATION TO VALUES 
CORRESPONDING TO TOTAL NITROGEN CONTENT OF 2.28% 


Total Alcohol- = Check 
nsoluble 

Class Variety nalt- soluble protein total, 
soluble protein required 

nitrogen | nitrogen Be 2.28 

Six-rowed, rough- OAL . 780 .919 .597 2.296 
awned Mensury, Ott. 60 .779 833 .617 2.229 

Olli 803 2.302 

Peatland . 809 2.235 

| Pontiac .736 | .923 .627 2.286 

Six-rowed, smooth- Nobarb .689 | .899 .720 2.308 
awned Regal AO | .865 .699 2.274 
Velvet .706 .870 .686 | 2.264 

Wisconsin 38 . 663 .928 .698 2.289 

Two-rowed, rough- | Charlottetown 80 .749 .950 . 580 2.279 
awned Hannchen .724 .637 2.301 

Mean, over all varieties .900 2.28 
Necessary difference, 5% level .026 .015 .029 


The most interesting feature of the results now appears to be that there 
are indications of differences between the three classes of varieties. The 
three two-rowed varieties are higher in alcohol-soluble protein nitrogen and 
lower in insoluble protein nitrogen than any of the six-rowed varieties; and 
the four smooth-awned six-rowed varieties are lower in salt-soluble nitrogen 
and higher in insoluble protein nitrogen than any of the five rough-awned 
six-rowed varieties. These differences are particularly interesting in view 
of the fact that, in comparison with the rough-awned six-rowed varieties, the 
two-rowed varieties yield higher malt extracts, and the four smooth-awned 
varieties yield lower malt extracts, and all but Velvet are also lower in enzym- 
atic activity. 

It should be borne in mind, however, that owing to the small number of 
varieties studied and the variation within classes, the average differences 
between classes cannot be considered statistically significant. Nevertheless, 
the data do indicate that differences exist between classes, and further investi- 
gation with a larger number of varieties might serve to substantiate this 
hypothesis. This is particularly true with respect to differences between six- 
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and two-rowed varieties, since Bishop (3, 4) has already pointed out that 
his data show that the six-rowed varieties are lower in hordein nitrogen than 
the two-rowed varieties. 

On the other hand, it seems much less probable that further investigation 
will show that differences exist between the rough- and smooth-awned six- 
rowed varieties. The members of the latter class at present available for 
study in Canada were developed from simple or multiple crosses, in which 
the smooth-awned variety Lion was one of the original parents and the other 
parents were rough-awned. As a group they have proved less satisfactory 
for malting, and this is attributed to carrying over in the progeny of un- 
desirable characteristics of the parent Lion. It may be that the nitrogen 
distribution pattern of the four smooth-awned varieties studied in this in- 
vestigation is also attributable to the Lion parent. There is no good reason 
for believing, however, that this apparent association between the smooth- 
awned character and certain biochemical properties cannot be broken, and 
it therefore seems unwise to generalize about differences between groups of 
varieties which are classified solely by means of the presence or absence of 
barbs on the awns. 

Statistical Analyses* 


The variances of the data for each determination were analyzed into 
portions resulting from (i) average differences between varieties; (ii) average 
differences between stations; and (iii) remainder. The last portion results not 
only from variations caused by a true interaction between stations and 
varieties, but also from variations caused by soil heterogeneity within stations, 
and by sampling and analytical errors. It therefore provides an adequate 
criterion for testing the significance of differences between station and varietal 
means. 


TABLE V 
ANALYSIS OF VARIANCE FOR TOTAL NITROGEN AND NITROGEN FRACTIONS: MEAN SQUARES 
| Salt-s 
ult-soluble 
Degrees Insoluble 
Variance | Total | soluble 
of | Non- | ‘ protein 
due to | nitrogen | Protein protein ; 
freedom | protein | Total . nitrogen 
| | ‘nitrogen nitrogen 
| | nitrogen | 
} | 
Varieties 11 -07883** .00290** .00929** -02022** .05094** .02994** 
Stations 11 1.65078** .00877** | .03145** -05943** .59097** .211951°* 
Remainder 121 | .00934 -00058 .00121 -00119 00447 .00198 


Note: Jn this and later tables, ** denotes that the 1% level, and * that the 5% level of significance 
is attained. 


The mean squares obtained by the analyses of variance are reported in 
Table V. Examination of these shows that by far the largest portion of the 
variance of each set of data is attributable to differences in the average per- 
formance of all varieties at different stations, and that there is overwhelming 


* All methods referred to in this section are admirably described by Snedecor (10). 
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evidence that significant differences exist between station means. Consider- 
able portions of the variance also result from differences in the average per- 
formance, over all stations, of the individual varieties, and since these portions 
are significantly greater than the corresponding remainders, it is apparent 
that varietal differences exist with respect to total nitrogen and each of the 
nitrogen fractions studied. 

The necessary differences between varietal means required for a 5% level 
of significance, given in the last line of Table III, were calculated by dividing 
the remainder mean square by 12, taking the square root, and multiplying 
27/2. 

The data for total nitrogen and each of the nitrogen fractions were next 
subjected to analyses of variance and covariance. The resulting correlation 
and regression coefficients are given in Table VI. Amongst the correlation 
coefficients for varietal means only that for alcohol-soluble nitrogen and 
total nitrogen proved to be significant. It is thus apparent that there is some 
tendency for varieties that are higher in total nitrogen to be higher in alcohol- 
soluble nitrogen also. The relation, however, is not particularly close, so 
that exceptions to this generalization are to be expected. There is no indica- 
tion that varieties that are higher in total nitrogen will also tend to be 
higher in other nitrogen fractions. 


TABLE VI 
ANALYSES OF VARIANCE AND COVARIANCE FOR TOTAL NITROGEN AND EACH NITROGEN FRACTION 


Salt-soluble 
Alcohol- 
Coefficient Degrees soluble Insoluble 
for f : Non- Protein protein Se 
protein Total nitrogen 8 
nitrogen 8 
Correlation coefficients 
Varieties ti .398 .129 . 238 311°" .369 
Stations 11 .136** .851* .985** .926** 
Remainder 121 . 162 262" .382"* .851** .600** 
Total | 143 .600** .703** .964** 
Regression coefficients, 
Varieties 11 .076 .120 .652 | 
Stations 11 .060 .102 .161 .589 . 249 
Remainder 121 .040 .094 .135 .589 .276 
Total .143 . 060 .099 .158 .592 . 250 


All of the correlation coefficients for station means are significant and thus 
show, as would be expected on common-sense grounds, that as the mean 
total nitrogen content of the varieties increases, the amount of ‘each nitrogen 
fraction also tends to increase. The high correlation coefficient for alcohol- 
soluble nitrogen indicates that many of the environmental factors which 
control total nitrogen content also control the amount of alcohol-soluble 
nitrogen. The number of factors common to the control of total nitrogen 
and any of the other fractions is apparently lower. Differences in the degree 
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of association between total nitrogen and each fraction are further illustrated 
by differences in the correlation coefficients calculated for remainders. That 
for the alcohol-soluble fraction is by far the highest, whereas that for non- 
protein nitrogen does not even attain the 5% level of significance. 

Differences between the regression coefficients for the various nitrogen 
fractions have been discussed in the previous section. It is necessary to 
note here only that the agreement between the coefficients for stations and 
remainder is excellent for the alcohol-soluble fraction and moderately satis- 
factory for the insoluble and total salt-soluble fractions. 

It appeared that a more useful comparison of varietal differences in nit- 
rogen distribution might be obtained by making these at equal total nitrogen 
contents. The analyses of variance and covariance showed that the neces- 
sary calculations, (7.e., correction of varietal means by means of the regression 
coefficients calculated from the remainders) might logically be undertaken 
for the alcohol-soluble, insoluble, and total salt-soluble fractions. 

Before proceeding further, it was necessary to demonstrate that the regres- 
sion coefficients for individual varieties did not differ significantly, since if 
they did, it is obvious that calculation of varietal means corresponding to 
equal total nitrogen contents would introduce a complicating factor whose 
effect could not easily be interpreted. The homogeneity of the varietal 
regression coefficients was accordingly tested by means of an analysis of 
residual inter-station, intra-varietal variance, the results of which are given 
in Table VII. Since the mean squares resulting from differences in varietal 
regression coefficients are not even as large as those from deviations from 
individual regressions, it is apparent that varietal regression coefficients do 
not differ significantly. The validity of using one regression coefficient for 
adjusting the means for all varieties was thus demonstrated. The best 
estimate of the average regression for each fraction on total nitrogen appeared 
to be that obtained from the remainders, and this was accordingly used in 
computing the adjusted means reported in Table IV. 

In order to complete the examination of the data it was necessary to in- 
vestigate the significance of differences among the adjusted varietal means. 
Mean squares, adjusted for differences in total nitrogen, were accordingly 
calculated and their significance was determined in the usual way. The 


TABLE VII 


TEST OF HOMOGENEITY OF VARIETAL REGRESSION COEFFICIENTS BY ANALYSIS OF 
RESIDUAL VARIANCE 


Mean squares 


Degrees 
Variance due to of Insoluble 
freedom soluble protein Loa 
nitrogen nitrogen 8 


Differences among varietal regression 
coefficients 11 .00185 .00178 .00224 
Deviations from individual varietal 
regressions 120 .00237 . 00269 .00264 


| | | | 
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resulting statistics are reported in Table VIII. Since the residual mean 
squares resulting from average differences between varieties are significantly 
greater than those from the corresponding remainders, the statistics demon- 
strate that at equal total nitrogen contents the varieties differ in their nitrogen 


distribution patterns. 
TABLE VIII 
TEST OF SIGNIFICANCE OF VARIANCE IN NITROGEN FRACTIONS ADJUSTED FOR DIFFERENCES 
IN TOTAL NITROGEN CONTENT 


Residual mean squares 
Variance Degrees 
Total salt- Alcohol- Insoluble 

freedom soluble soluble protein protein 

nitrogen nitrogen nitrogen 
Varieties | 11 .01908** .01761** .02596** 
Stations 11 .01645** O1752** O1712"* 

Remainder 120 .00103 .00124 .00128 


In carrying out the calculations involved in adjusting the varietal means, 
it has been assumed that: the regressions are linear rather than curvilinear. 
In order to test this hypothesis, scatter diagrams were prepared. These 
showed little indication of curved regressions, and it was decided by inspec- 
tion that owing to the scatter of the points it was improbable that a significant 
improvement in fit would be obtained by using curvilinear. regression lines. 
Moreover, it seemed apparent that even if a significant improvement in fit 
were obtained, the interpretation *of the more important features of the 
experimental data would not be facilitated. 
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RELATION OF pH TO DRIP FORMATION IN MEAT! 


By L. Sarr? AND W. H. Cook? 


Abstract 


The quantity of drip obtained from meat frozen at a constant rate is affected 
by the period between slaughter and freezing, and the pH of the tissue. These 
two factors appear to act independently, and only the latter was studied 
extensively. In precooled meats the maximum amount of drip was obtained 
at about pH 5.2, and as the pH increased the net drip decreased to zero at 
about pH 6.4. Pork, beef and mutton behave similarly both with respect to 
the form of the drip-pH relation and the quantity of drip exuded at a given 
acidity. Beef is normally more acid than the other meats tested, and this can 
account for its greater tendency to drip in commercial practice. 

Microscopic studies showed that large crystals were always produced by 
slow-freezing, regardless of the pH of the material. The absence of drip from 
slowly frozen tissue at pH 6.4 is therefore not due to crystal size, but must be 
attributed to the greater re-absorbing power of the proteins in this region. 
Protein denaturation does not affect the quantity of drip obtained when meat 
is slowly frozen or stored for periods up to three days in the freezing zone. The 
weak re-absorptive power of the proteins at pH 5.2 must be attributed to their 
isoelectric condition in this region, rather than to their denaturation. It is 
only in this isoelectric region that the production of small crystals by quick- 
freezing will reduce the quantity of drip. 


Introduction 


This investigation is concerned with the effect of the length of storage 
period between slaughter and freezing, and the pH of the tissues, on the amount 
of liquid exuded (drip) from beef, pork and mutton after freezing and thawing. 
Previous investigations on this subject have been concerned mainly with 
the effect of freezing and thawing rates on the exudation of drip, and little 
attention has been given to the condition of the muscle tissue in relation to 
the amount of drip obtained after freezing. During an investigation of the 
effect of freezing rate on the quality of poultry (11), it was found that the 
amount of drip obtained at a given rate of freezing decreased rapidly during 
the first day after slaughter, and continued to decrease at a much slower 
rate over a 4-week storage period at 0° C. “Other evidence indicating that 
the condition of the tissues has some effect on the exudation of drip is obtained 
from the fact that pork and mutton normally do not drip to the same extent 
as beef when frozen at similar rates. 
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Several hypotheses have been offered to explain the cause of drip. Since 
rapid freezing reduces the size of the ice crystals, and also reduces the amount 
of drip exuded from such meats as beef, these two observations have been 
associated and the cause of drip explained in terms of various effects produced 
by the large ice crystals (3, 10, 12). Others (5, 9) attributed drip to both 
crystal size and protein denaturation, since it was found that the time and 
temperature conditions necessary to produce large crystals are also those 
which produce a rapid rate of denaturation. Most of these hypotheses fail 
to explain why different meats react differently to the same freezing treatment. 

Empey (4) has investigated the drip from beef in relation to the period 
between slaughter and freezing, and the pH of the tissues, as well as the 
freezing rate. Contrary to the findings of most other investigators, he 
reports that rapid freezing does not diminish drip. He also concludes that 
the period between slaughter and freezing does not influence drip formation. 
With respect to pH, he found that although the quantity of drip did not bear 
a definite relation to the pH value of individual muscles, there was a zone in 
the vicinity of pH 6.3 in which the drip was minimal. Since the reaction of 
beef muscle changes from about pH 7.0 to pH 5.5 within a day or so after 
slaughter, his conclusion that the period between slaughter and freezing has 
no effect on the quantity of drip is difficult to harmonize with his conclusion 
that the drip is least in the region of pH 6. 3. 

Although Empey’s conclusions do not appear to be entirely consistent, 
his results indicate that the pH of the tissues has some effect on the exudation 
of drip. In the investigation on poultry, previously cited (11), an attempt 
was made to relate the decrease in drip, during storage prior to freezing, to 
the pH changes in the tissue. The results were inconclusive. Beef, pork 
and mutton were therefore used in this study to determine the effect of pH 
on drip exudation, since these meats exhibit free drip to various degrees after 
similar freezing treatments. 


Drip in Relation to Storage Before Freezing 


Three experiments of a preliminary nature were made to determine the 
effect of storage, prior to freezing, on the quantity of drip obtained from beef 
and pork frozen at a constant rate (4 hr. to pass from 0° C. to—5°C.). The 
beef used for the first test was obtained from the hind quarters of a 3-year- 
old heifer, and that for the second test from the hind quarters of a poor 
quality aged cow. The pork was obtained from the hams of three pigs. 

Storage temperatures of 0° C. and 10° C. were used. The meat was placed 
in rooms at these temperatures within one hour after slaughter. At the 
desired intervals, 2-lb. pieces of meat were removed, minced, placed in the 
freezing cans (100 gm.) and frozen. The samples were then stored at —22° C. 
for several days and then thawed within 4 hr. in an air bath at 15°C. Drip 
was determined by the blotting paper method previously described (11). 
Free drip was also determined on these samples after the same storage inter- 
vals by freezing approximately 1-lb. pieces, in duplicate, in closed containers 
and collecting the free liquid exuded on thawing. 
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The pH of the minced samples was taken before and after freezing, as 
well as after the drip determination. Twenty-four hours after slaughter, 
all of these observations gave similar values. The pH measurements were 
made with a glass electrode, and the values were corrected to 20° C., although 
the majority of observations were made at 0° C. 

In Fig. 1, the total drip from the frozen beef and pork iain and the 
drip from the corresponding unfrozen controls, have been plotted against 
the storage period. The number which appears beside each of the points is 


BEEF PORK 
STORAGE AT 0°C STORAGE AT O°C 
24 
(5.4) 
pH 5.5 —" (5.7) 
te 5.7 (5.4) 
6.2) 
(56) | TOTA 
(5,8) 
Exp. II 
TOTAL DRIP 
(6.0) 
° ° 
wR CONTROL DRIP CONTROL DRIP ° 
Exp. I & IT 
| 
a 
2) STORAGE AT 10°C STORAGE AT 10°C 
24 
pH 5.4 
te 5.6 6.6) 
16 4 
6.2) 
\ 
V5.9 DRIP (SO TOTAL DRIP 
4) 
° ; 
CONTROL _DRIP NTROL DRIP 
Exp. I & IT 
| | 
5) 5 10 15 20 ° 5 10 15 


STORAGE PERIOD - DAYS 


Fic. 1. Drip in relation to storage before freezing. 


the pH of the sample at the time of thawing. It is evident that the drip 
from the unfrozen (control) samples of beef decreases markedly during the 
first day or two after slaughter, after which it remains relatively constant. 
The total drip from frozen beef decreases slowly throughout the storage period 
at 0° C. and more rapidly at 10°C. The pH of beef had usually fallen to a 
minimum value before the first drip determinations were completed, and 
remained relatively constant throughout the storage period at 0°C., but 
increased somewhat at 10° C. 

The drip from the unfrozen pork samples behaved in a manner similar to 
beef. The total drip from the frozen samples, however, passed through a 
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more erratic sequence of changes during storage. In contrast to the relatively 
constant pH values observed in beef, the pH of the pork samples at first 
decreased, and then increased markedly during storage. These variations 
in total drip and pH may be the result of a difference between the meat 
from the three pigs used in this experiment rather than a true storage effect. 


The results in Fig. 1 suggest that the quantity of drip obtained from properly 
precooled material is related to the pH of the tissue at the time of freezing. 
Thus the beef in the first test, having a pH of 5.4, yielded more drip after 
freezing than the beef at pH 5.8, used in the second test. The results with 
pork also indicate that the maximum total drip is associated with low pH 
values. 


Significance of Free and Net Drip Determinations 


It is appropriate to discuss here the significance of the results obtained 
by the two alternative methods employed for determining drip. Free drip 
is usually determined by freezing pieces of whole muscle tissue and deter- 
mining the drainage on thawing. The net drip is obtained by determining 
the amount of liquid expressed, by some adopted procedure, from both the 
frozen (total) and unfrozen (control) material, the difference between these 
two quantities being the net drip attributable to freezing. In conjunction 
with the experiment discussed in the previous section, an attempt was made 
to determine the relation between these two quantities. The variable nature 
of the few data obtained precluded a definite conclusion, and the results 
are not presented. The observed variations can be attributed primarily to 
differences in the area of cut surface, differences between different muscles (4), 
and to different pH values in the whole and minced material. Where these 
factors have been controlled (7), the net and free drip appear to be in good 
agreement. The results obtained in this study, although variable, sub- 
stantiated this finding for pork, and for beef frozen within 24 hr. of slaughter. 
From beef stored for longer periods, the net drip obtained was about 5% 
(in terms of the meat) higher than the free drip. 


Since the net drip procedure employed with minced tissue gave much more 
reproducible results than the free drip determination, it was adopted for 
subsequent experiments. It is doubtful if the results 6btained by this method 
provide a quantitative estimate of the free drip in meats subjected to different 
storage and freezing treatments. It has, however, the added advantage of 
showing the effect of a given treatment on the moisture-retaining capacity 
of both the unfrozen and frozen tissue. 


In Fig. 1 the drip from both the frozen and unfrozen tissues has been 
plotted against the storage period instead of the net drip. It is evident that 
some change occurs in the unfrozen tissue immediately after slaughter, and 
that this markedly decreases the quantity of water that can be removed as 
drip. As the drip from the frozen material decreased comparatively slowly 
throughout the entire prefreezing storage period, it would appear that these 
rigor or post-rigor changes affect the moisture retention of the unfrozen 
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material only. If this is so, then the practice of computing the net drip by 
difference is unsatisfactory for meats frozen within 24 hr. after slaughter, 
since it combines the effect of these changes in the unfrozen sample with the 
effect of the freezing treatment on the frozen sample. 


It appeared from these preliminary experiments that the factors deter- 
mining the water-retaining ability of both unfrozen and frozen muscle tissue 
merit investigation. Since the method employed for determining drip was 
inadequate for a critical study of changes that occur within 24 hr. after 
slaughter, this phase was abandoned in favor of investigating the factors that 
affect the quantity of drip obtained when aged material is frozen. 


Relation Between Drip and pH 


Since the preliminary experiments indicated that the amount of drip (from 
material that had been properly precooled before freezing) was dependent 
on the pH of the tissues, this subject was the next to be investigated. The 
results of the experiments described above and those of other investigators 
(2, 6), indicate that the pH of beef, a few days after slaughter, is relatively 
constant, whereas the pH of pork is subject to some variability. For this 
reason pork was used. 


The meat was obtained from carcasses that had been cooled or stored for 
at least 48 hr. after slaughter. Such material varied in pH from a minimum 
of 5.6 to a maximum of 6.3, but the majority of the samples fell within a 
much narrower pH range. 


In order to extend this range, and also to obtain a more uniform distribution 
of samples within it, an attempt was made to adjust the acidity by artificial 
means. The method employed was to inject the estimated amount of 85% 
lactic acid or 26% ammonium hydroxide into 800- to 900-gm. pieces of pork. 
In all cases the acid or alkali was diluted to a final volume of 20 ml. before 
being injected at numerous uniformly distributed points with a calibrated 
5-ml. hypodermic syringe. In producing a range of pH values by this method, 
some of the samples did not require adjustment and were injected with 20 ml. 
of water, to render them comparable with the treated material. Following 
injection, the samples were stored for 3 days at 0° C. to allow the acid, or 
alkali, to diffuse. They were then minced, triplicate samples removed, 
frozen at a constant rate (i.e., 4 hr. to pass from 0° C. to —5° C.) and the 
same number kept as unfrozen controls. The drip determinations on these 
samples were then made in the usual way. , 


Several objections may be raised to this artificial method of preparing the 
samples. The added water, although small in proportion to the amount 
present in the muscle, is undesirable. Again, the variable amount of acid 
or alkali present will cause some variation in the osmotic pressure. Other 
objections could be detailed, but they could scarcely introduce sufficient bias 
to be detectable by the method employed for determining drip. This con- 
tention was supported by the results obtained. Reference to Fig. 2 shows 
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that the curves relating drip and pH in normal and treated samples coincide, 
within experimental error, over the pH range encountered in normal samples. 

This method of adjusting the pH was then applied to beef, which normally 
has a comparatively constant pH that shows little change during storage 
(Fig. 1). A single series of experiments was also made with mutton. Casual 
observations made during the course of these experiments indicate that 
mutton behaves like pork, in that the pH is subject to considerable variation 
between animals, and probably increases more rapidly during storage. 

The observed drip from the frozen (total) and unfrozen (control) samples 
and the difference between them (net drip) have been plotted against the pH 
in Fig. 2. It is evident from the curves that these three quantities are related 
in meats stored two days or more after slaughter. A pH condition which 
causes an increase in the drip from the unfrozen control also causes an increase 
in the total and net drip. This relation has previously been reported for 
poultry meat (11). 
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Fic. 2. Drip in relation to pH of muscle tissue. 
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The curves in Fig. 2 show a marked relation between the amount of drip 
and the pH; all three meats showing maximum drip between pH 5.0 and 5.2, 
the curves descending slightly to pH 4.4, the lowest value tested. On the 
alkaline side of pH 5.2, the drip decreases markedly to about pH 6.4, where 
the effect of freezing cannot be detected, 7.e., net drip is zero. A few samples 
having pH values between 7.0 and 9.0 were tested, and there was no evidence 
that the drip increased within this region. 


Although the shape of the total drip-pH curves for all three meats is identical, 
within experimental error, the quantity of drip obtained from the unfrozen 
samples of beef was somewhat less than that obtained from similar samples 
of pork and mutton. The result is reflected in a somewhat higher net drip 
for beef, which is of questionable significance, since it was mentioned in an 
earlier section that the method used for determining net drip probably over- 
estimates the free drip from beef by about 5% in stored material such as that 
used in these tests. It is therefore concluded that these three meats will 
drip to the same extent after freezing and thawing, provided that they have 
the same pH and that the same freezing rate is used. The experience of 
practical operators and the results of investigation (3, 12), show that more 
drip is obtained on thawing slowly-frozen beef, than on thawing slowly-frozen 
pork or mutton. This behavior can be attributed to the pH values typical 
of these meats. The pH of beef is relatively constant and close to the value 
at which maximum drip occurs, whereas pork and mutton vary in pH from 
carcass to carcass, are generally more alkaline, and tend to become more so 
during storage. This fact can readily explain the small amount, or practical 
absence, of drip from frozen pork or mutton. 


Relation Between Crystal Size and pH 


The exudation of drip from meat after freezing and thawing is frequently 
attributed to various effects produced by the formation of large ice crystals 
during slow-freezing. As shown in the previous section, meat at pH 6.4 does 
not drip even after slow-freezing. In order to fit this fact into the hypothesis 
that crystal size determines the formation of drip, it is necessary to assume 
that pH affects the size of crystal formed. This assumption is not untenable, 
since the necessary condition for the formation of large ice crystals is that 
the rate of movement of water from the tissue to the existing ice nuclei during 
freezing exceed the rate of crystal formation as determined by the cooling 
rate. Since the acidity of the tissue may affect the rate of moisture movement, 
the effect of pH on the crystal size at various rates of freezing was investigated. 


Several samples of pork and beef were adjusted to pH values varying from 
5.5 to 6.5 by the procedure already described. These samples were passed 
through the freezing zone (0° to —5°C.) in one and in 24 hr. to produce 
quick- and slow-frozen material respectively. The samples were then exam- 
ined microscopically with both reflected and transmitted light using material 
in the frozen and fixed (7) condition. Numerous examinations showed that 
the crystal size depended entirely on the rate of freezing, any slight effect of 
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pH being indistinguishable from the variations between sections of the same 
material. This is illustrated in Plate I, which shows typical photographs of 
fixed material (approx. 5X), quick- and slow-frozen at pH 5.5 and 6.5. 
It is evident from these results that crystal size alone is not an adequate 
hypothesis for explaining the formation of drip. 


Effect of Freezing and Storage at Different pH Levels on Protein 
Solubility 


Since the foregoing experiments indicate that drip is markedly influenced 
by the pH of the tissues, while crystal size and the structural differences 
between the three meats tested are of secondary importance, it would appear 
that the condition of the proteins must be the primary factor responsible for 
the retention of fluids by muscle tissue after freezing. 

The fact that the maximum drip occurred in the region of pH 5.2 could 
be attributed to either the isoelectric condition of the proteins or to their 
more rapid denaturation in this region. Bate Smith (1) has shown that 
myosin and globulin X constitute 89°% of the muscle proteins, and that their 
isoelectric points are pH 5.5 and 5.2 respectively. In support of the second 
possibility, Finn (5) has shown that denaturation (as indicated by the amount 
of protein precipitated from muscle juice during 24 days’ storage at —2° to 
—3°C.) occurs readily on the acid side of pH 6.0. Certain investigators 
(8, 9) consider that denaturation is at least partly responsible for the exudation 
of fluids after freezing, storage, and thawing. Since the isoelectric point is 
generally the region of minimum colloidal stability, it would appear that 
loss of solubility, or water-retaining capacity at this point, does not neces- 
sarily indicate denaturation, or an irreversible alteration of the protein. 
Unfortunately this is difficult to prove since denaturation cannot be defined 
except in relation to the method used for its detection. 

In the first experiments an attempt was made to relate the quantity of drip 
to the amount of nitrogen extracted by 1.2 molar potassium chloride, buffered 
at pH 7.2 as recommended by Reay (10). Meat samples at different pH 
levels were frozen at a constant rate (4 hr. to pass from 0° C. to —5° C.) 
and stored at —22° C. for several weeks. Another experiment, using a 
different sample of pork, was performed by storing the material at —3° C. 
for 12 days, since the rate of denaturation is reported (5, 8, 9) to be most 
rapid in this region. 

The results appear in Table I. The pH values marked by an asterisk were 
obtained after the injection of ammonium hydroxide. The quantity added 
was equivalent to about 0.3% in terms of the extractable nitrogen, and this 
amount was therefore subtracted in order to obtain the reported values. 
The other samples had attained the reported pH values naturally. It is 
obvious that, although the pH and the quantity of drip varied markedly, 
the quantity of nitrogen extracted remained relatively constant. Similarly 
the amount of nitrogen extracted from the samples stored at — 3° C. was quite 
constant and hence showed no evidence of denaturation. On the other hand 
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the quantity of drip obtained from the stored sample did increase somewhat 
over that obtained from the corresponding sample representative of freezing 
alone. This suggests that some change occurred during storage at —3°C. 
but that the extraction technique did not detect it. 


TABLE I 
EFFECT OF PH, FREEZING, AND STORAGE ON PROTEIN SOLUBILITY 
Total Extracted 
Treatment Meat pH drip, nitrogen, 
% % 
Freezing only (stored at —22°C.) Beef 5.2 22.2 1.20 
Beef 6.4* 4.8 1.14 
Pork 5.4 20.4 1.18 
Pork 6.0 7.0 1.24 
Mutton S.7 14.9 1.26 
Mutton 6.2 6.0 Line 
Freezing only (stored at— 22°C.) Pork 5.5 21.9 1.06 
Pork 6.2* 8.5 1.04 
Freezing + 12 days storage at Pork &:.5 28.2 1.08 
—3°C. Pork 6.2° 9.3 1.05 


* Ammonium hydroxide injections necessary to attain these levels. 


It would appear that an extraction procedure is not suited to a study of 
the nature of the changes in the proteins affecting drip. In the first place, 
only a fraction of the total protein is extracted, and any irreversible change 
that occurs at different pH values might take place in the unextracted portion. 
Secondly, such a method could scarcely yield an estimate of the effect of pH 
on a reversible colloidal condition, since the amount extracted would be 
determined by the pH of the extraction medium rather than by the pH at 
which freezing and thawing took place. 

The use of expressed muscle juice for a study of the effect of freezing on 
the proteins also appears unsuitable. The several muscle proteins are not 
present in nearly the same proportions in the expressed juice (5), and the pH 
would require adjustment after freezing and thawing, in order to distinguish 
between colloidal instability at the isoelectric point and denaturation. 

It is concluded from these experiments that the large difference in the 
quantity of drip obtained at the two pH levels used cannot be explained in 
terms of denaturation as evidenced by the-constant amount of protein 
nitrogen extracted from all samples. However, since an extraction procedure 
appears to be unsuitable for a study of the nature of the pH-drip relation, 
further experiments of this sort were abandoned. 


Contribution of Isoelectric Condition and Denaturation 
to Drip 


Since methods based on the solubility of the proteins appear to be unsuitable , 
for studying the effect of pH on drip, an attempt was made to use methods 
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based on the reversibility of the pH-drip relation in muscle tissue. The loss 
of moisture-retaining capacity at pH 5.2 may be attributed to either the iso- 
electric condition of the proteins (1) or to their denaturation in this acid 
condition (5). If the first of these factors is the cause of drip, the moisture- 
retaining capacity should be restored by changing the pH. On the other 
hand, if denaturation is the cause of drip, it might reasonably be expected 
to be irreversible when the pH is altered over a limited range. 

The experiments undertaken included a study of the effect of freezing and 
storage at —3°C. for various intervals. This storage temperature was 
chosen for reasons already given. A large sample of pork was adjusted to 
pH 5.4-5.5 by the injection technique already described. After standing 
two days, the meat was minced, mixed, transferred to the freezing cans, and 
frozen at the usual rate (0° C. to —5° C. in 4hr.). Four series of 12 samples 
were prepared in this way. One series was stored at —22°C., and the 
remaining three were held at —3°C. for 3, 6, and 12 days, respectively, before 
transferring them to a temperature of —22°C. until required. 

After thawing, one set of triplicate samples from each series was kept at 
the original pH, and the pH of the other three sets was adjusted to pH 5.7, 
6.0 and 6.4, as nearly as possible, by the addition of small increments of 
ammonium hydroxide. Each sample was then well mixed, stored at 0° C. 
for 4 days to allow the alkali to diffuse, refrozen, thawed, and the quantity 
of drip determined. 

A similar piece of meat at pH 6.2-6.3 was minced, frozen, stored and 
treated as described above, except that lactic acid was used to obtain the 
required pH values. 

The results obtained appear as two charts in Fig. 3. The one on the left 
was constructed from the data obtained from the samples that were frozen 
and stored at pH 5.4-5.5, and the one on the right from the data obtained 
from samples stored at pH 6.2-6.3. In both charts the total drip is plotted 
against the pH after the final adjustment, the value at which the drip deter- 
minations were made. 

The lower heavy line in both charts is a reproduction of the curve relating 
total drip and pH, taken from Fig. 2. It is evident that the samples which 
were not stored at —3°C., and those stored at this temperature for only 
3 days, fit this curve within experimental error. All of the samples stored 
for 6 or 12 days at —3°C., at either pH 5.3-5.4 or pH 6.2-6.3, yielded 
more drip than the material stored for shorter periods. The broken line in 
the two charts (Fig. 3) has been drawn through the points representing the 
data obtained with this material. 

It appears, therefore, that the high total drip observed throughout at pH 
5.2-5.4 can be completely reversed by adjusting the pH as long as the storage 
period in the zone of crystal formation does not exceed 3 days. Similarly, 
the samples stored at pH 6.2-6.3, which do not yield any net drip, showed 
the same amount of drip as the samples stored initially at 5.4-5.5, when 
adjusted to the same pH values, if stored for less than 3 days at —3°C. 
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Since the effect of pH on drip is reversible under these conditions, it is con- 
cluded that the high drip observed at pH 5.2-5.4 is due to the isoelectric 
condition of the principal muscle proteins, and not to denaturation. 
Although no evidence of denaturation was indicated by the drip deter- 
mination up to 3 days’ storage at —3° C., it is evident from the broken line 
that the pH-drip curve was displaced upwards in material stored for 6 or 
12 days at —3°C. This increase in drip indicates that denaturation did 
occur over these longer storage periods, although the slope of the curve still 
indicates a certain degree of reversibility. Since the points obtained after 
6 and 12 days’ storage fall on the same curve, within experimental error, it 
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Fic. 3. Reversibility of pbH—drip relation in muscle tissue. Solid line, unstored material; 
broken line, material stored for 6 or 12 days at —3° C. 


appears that denaturation, as it affects drip, is complete in about 6 days. 
The displacement of the drip-pH curve from that of unstored material is 
less at pH 6.2-6.3 than at pH 5.4-5.5, indicating that denaturation is 
more rapid or affects more of the protein in the more acid material. This 
confirms Finn’s results (5). 

Since even slowly frozen material would generally pass through the freezing 
zone in less than 3 days, it appears that protein denaturation is not the 
factor causing drip under ordinary conditions. Moreover, although the 
extent of denaturation is greater at pH 5.2-5.4 than at pH 6. 3, this difference 
is small compared with the direct effect of pH on drip. It is therefore con- 
cluded that the observed dependence of drip on pH is due primarily to the 
isoelectric condition of the muscle proteins rather than to their denaturation. 


Relation of pH to Change of Weight in Salt Solutions 


Further evidence indicating that a portion of the water present in muscle 
tissue is held less firmly at pH 5.5 than at higher pH values was obtained by 
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observing the changes in weight of pork placed in dry salt or saturated salt 
solutions. These preliminary experiments were made with 100-gm. pieces 
of pork, varying in pH from 5.0 to 6.4, by immersing them in saturated 
sodium chloride solution, or covering them with dry salt for periods up to 
10 days, in a room at 5° C. 

Reference to the results given in Table II shows that the change in weight 
is markedly influenced by pH. The samples having a pH of 5.5 underwent 
no appreciable change in weight in the salt solution, but lost 32.9% of their 
weight in the dry salt. Samples having a pH of 6.4 gained 15.3% in weight 
in the salt solution, and lost only 18.6% of their weight in the dry salt. It 
is evident that pork tends to lose more moisture at pH 5.5 than at 6.4, a 
result in agreement with the observations made on drip. 


TABLE II 
EFFECT OF PH ON WEIGHT AND SALT UPTAKE OF PORK DURING PICKLING 


| 


| Change in weight in | 


| Salt content 


Pickling | pH of | of pickled 
method meat 5 24 | 10 meat, 
| | 70 | | 70 
Saturated salt solution) 5.0 | —3.2 | —2.9 — 2.7 173 
5.5 | +0.2 +0.9 + 0.1 17.2 
6.0 —0.7 | +0.8 || 17.4 
6.4 +2.8 +6.3 +15.3 17.0 
Dry salt | 5.0 | | —34.0 | 15.8 
6.0 «| -19.2 | 16.0 
6.4 | -18.6 | 17.2 


The above results are preliminary to a more extensive investigation dealing 
with the effect of pH on salt penetration. Callow (2) has found that salt 
penetrates acid samples (pH 5.5) more rapidly, a finding that may also be 
related to the isoelectric condition of the proteins. 


Relation of pH to the Color of Meats 


In the last investigation it was noted that the color of the salt solutions 
was influenced by the pH of the pork. The samples at pH 5.0 yielded a 
colorless solution, while the alkaline samples (pH 6.4) yielded a deep red 
solution. Intermediate pH values showed a gradation in color between 
these two extremes. 


It was also observed that the color of meat itself was markedly affected 
by pH. As indicated previously, an injection method was used to obtain 
the desired pH values, and it was found that at pH 5.0 the samples became 
a grayish color, while those at pH 6.5 were a deep red. Intermediate pH 
values yielded a gradation between these extremes. On readjusting the pH 
of the acid samples (5.0) to a more alkaline state, the color of the meat 
changed from gray to red. Undoubtedly some relation exists between pH 
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and meat color. This was evident for pork, beef and mutton, and this relation 
is now being studied quantitatively in these laboratories. 


Discussion 


The effect of storage, between the times of slaughter and freezing, on the 
amount of fluid exuded by meat after freezing, could not be determined 
precisely by the methods employed. It appears, however, that two distinct 
phenomena are involved. The drip obtained from meat frozen at a constant 
rate is determined primarily by the amount of acid contained in the tissues, 
and it increases rapidly as the pH falls below 6.0. In unfrozen material the 
amount of fluid exuded decreases rapidly during the first day or two after 
slaughter, regardless of the pH changes. During this period, the difference 
between the amounts of fluid exuded by frozen and unfrozen material cannot 
be attributed entirely to the effect of freezing. 


After several days’ storage, the quantity of drip obtained from both frozen 
and unfrozen meats appears to be determined by the same factors, inasmuch 
as an increased drip from unfrozen material is reflected in a similar behavior 
of the frozen material. Meat at pH 6.4 or higher does not drip as a result 
of freezing at any rate requiring less than 3 days to pass from 0° C. to—5° C. 
At pH 5.2-5.5 the amount of drip reaches a maximum, and in this region 
an increased freezing rate reduces the amount of drip obtained. 


This behavior can be explained by a high water-retaining capacity of the 
tissue proteins at pH 6.4, resulting in the complete retention of the water 
produced on thawing, regardless of the size of ice crystal formed during 
freezing. At pH 5.2-5.5, the water-retaining power of the proteins is lower 
and moisture losses occur. These losses can be reduced by rapid freezing 
which produces smaller ice crystals, and a more uniform distribution of 
water when they melt. Under these conditions less fluid is exuded, although 
moisture can be removed more easily from tissues at these pH values, even 
if it is not frozen. The reduced moisture-retaining capacity of the tissue 
proteins at pH 5.2-5.5 appears to be attributable to their isoelectric con- 
dition rather than to accelerated denaturation in this region. 
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SOME TREMATODE PARASITES OF DUCKS AND 
GEESE IN EASTERN CANADA' 


By D. G. CANNON? 


Abstract 


Eight species were found. One, Stephanoprora mergi, is described as new, 
and Echinoparyphium elegans and Psilochasmus longicirratus are here recorded 
for the first time in America. Several species are described from new hosts. 
The other specimens recorded are Echinostoma revolutum, Hypoderaeum conoideum, 
Zygocotyle lunata, Apatemon gracilis, and Notocotylus attenuatus. 


Introduction 


The recent inauguration of conservation of wild life in North America has 
focused the attention of zoologists on the breeding grounds of ducks and 
geese on this continent. In most instances these areas are situated in Canada, 
and it is here that the problems concerning the health of these birds are 
important. It is fairly safe to say that the major infestations by internal 
parasites are contracted in the breeding grounds, owing to the tremendous 
numbers of birds congregated in a comparatively small area. This is undoubt- 
edly the case when infestations are present in young birds. 

Although our knowledge of the trematode parasites of these birds has been 
considerably increased during late years by many publications in the United 
States, there is still a lack of information concerning the distribution of species. 
In order to contribute towards a further knowledge of the internal parasites 
encountered in ducks and geese, a study was made of the trematode parasites 
collected in eastern Canada during the general survey work of the Institute 
of Parasitology. 

The scientific names of the birds referred to in this paper are those given 
by Taverner (14) in ‘Birds of Canada.” 


Description of Parasites 
Echinostoma revolutum (Frélich, 1802) 

Five specimens from the small intestine of the domestic goose, Anser 
domesticus, several specimens from the Black duck, Anas rubripes rubripes, 
and three immature worms from the Canada goose, Branta canadensis, were 
examined. 

Those from the domestic goose (Fig. 1) were the more typical forms as they 
adhered closely to the specific description as given by Beaver (1). 

The specimens from the Black duck were much smaller; the average worm 
measures 6.65 mm. in length and 1.94 mm. in width. The shape differs from 
that of the typical form in that it has a narrow anterior portion which extends 
posteriorly as far as the acetabulum where it widens considerably, forming 


1 Manuscript received August 2, 1938. 
Contribution from the Institute of Parasitology, McGill University, Macdonald College, 
Que., with financial assistance from the National Research Council of Canada. 
2 Research Student. 
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Fics. 1-4. 1. Echinostoma revolutum (Frélich, 1802), specimen from Anser domesticus, 
entire worm, ventral view. 2. Echinostoma revolutum ( Frélich, 1802 ), specimen from Branta 
canadensis, entire worm, ventral view, also magnified anterior end. 3. Echinoparyphium is 
elegans (Looss, 1899), entire worm, ventral view, also magnified anterior end. 4. Stephano- i; 
prora mergi sp. nov., entire worm, ventral view. 
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shoulders, and gradually narrowing after the uterine region to end in a bluntly 
rounded posterior extremity (Fig. 2). The collar spines are slightly smaller 
than those in the typical form, but resemble them in number and position. 
In Table I the organs of the typical form are compared with those of the 
specimens from the duck. 

The worms from the intestine of the Canada goose were immature. The 
largest of these is only 3.65 mm. long and 0.73 mm. in breadth at the aceta- 
bulum, which is its widest part. In none of these specimens are eggs present. 
The vitelline follicles could not be distinguished; it is quite possible that they 
are present, but in their immaturity have not yet taken on their pigment. 
The 37 collar spines are present and the internal organs of reproduction are 
situated in the same relative positions as in the typical forms from the domes- 
tic goose. 

Echinoparyphium elegans (Looss, 1899) 

Only two specimens were found in the small intestine of a Black duck, 
Anas rubripes, from St. Genevieve, Que. 

These are small, slender Echinostomes (Fig. 3), which taper slightly towards 
the posterior end, with a bluntly rounded termination. The anterior part of 
the worm has a roundish cross-section whereas the posterior portion is flattened. 
The ventral sucker appears to be borne on a thick, short stalk so that it pro- 
trudes from the ventral surface of the worm. The anterior portion of the 
worm is bent ventrally. A reniform head-crown is present, bearing a double 
row of spines which is unbroken dorsally. A full complement of spines could 
be seen on only one of the specimens,.and it bore a total of 42. On each 
ventral corner lobe of the head-crown is a group of four spines, one pair being 
superimposed upon the other. The spines of the aboral row are somewhat 
larger than those of the oral row, the oral spines measuring 40-44.6u by 
11.9-13.5u, whereas those of the aboral row measure 50.7—62.93u by 12-16. 
The largest spine of ‘the corner groups measures 52.1 by 13.5u. No cuti- 
cular spines could be distinguished, but it is quite possible, owing to the 
roughened and scaly condition of the anterior cuticle, that the spines have been 
lost as a result of partial digestion of the cuticle by the host. The cuticle of 
the posterior part of the body did not show this sloughed appearance. The 
terminal oral sucker measures 0.07-0.08 mm. by 0.087-0.092 mm. There 
is a short prepharynx. The muscular pharynx is 0.09-0.096 mm. in length 
by 0.061-0.069 mm. in width. The oesophagus is long and comparatively 
broad, measuring 0.31-0.36 mm. by 0.061-0.072 mm. The intestine 
bifurcates a short distance in front of the ventral sucker, and the gut branches 
terminate blindly 0.115 mm. from the posterior end of the body. The 
powerful acetabulum, situated about 0.64 mm. from the anterior end of the 
worm, measures 0).223-0.269 mm. with an opening 0.05-0.058 mm. in 
diameter. 

The testes are elongate-oval in shape and lie median, one behind the other, 
in the posterior half of the body. The margins are smooth. The anterior 
testis measures 0.19-0.213 by 0.12-0.14 mm. and the posterior 0.217-0.23 
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by 0.137-0.16mm. The thin-walled cirrus-sac, 0.2—0.21 by 0.12-0.122 mm., 
enclosing a powerful cirrus and an internal seminal vesicle, lies dorsal to the 
acetabulum and extends from a short distance anterior to the anterior margin 
of the acetabulum, posteriorly to approximately the centre of it. The common 
genital pore opens ventrally at a point about midway between the caecal 
bifurcation and the anterior margin of the ventral sucker. 

The roundish ovary, 0.09-0.11 mm. in diameter, lies a short distance in 
front of the anterior testis and slightly to the left of the mid-line. It is 
separated from the anterior testis by a diffuse shell gland and a vitelline 
receptacle. The uterus extends from the oviduct to the genital opening, 
making few transverse loops and containing few eggs. The eggs are com- 
paratively large, measuring 87-91 by 45-49u. The vitellaria occupy the 
lateral fields of the body and surround the intestinal caeca except on the 
inner side. They consist of separate groups of small follicles, which do not 
meet in the mid-line posteriorly. They extend from a short distance caudad 
of the ventral sucker to almost the posterior end of the worm. 


This is the first time that Echinoparyphium elegans has been reported from 
the Black duck, and the author has been unable to find any previous records 
‘of E. elegans from North America. 


Stephanoprora mergi sp. nov. 


Three small flukes were found in the caeca of an American Merganser duck, 
Mergus merganser americanus. The worms were preserved in ethyl-glyco- 
formol mixture, stained in alum-carmine, cleared in oil of wintergreen and 
mounted in Canada balsam. ° 


The worm (Fig. 4) is elongate-oval in shape with an almost circular cross 
section. The neck region, extending from the head collar to the point of 
bifurcation of the intestine, is only slightly narrower than the posterior portion. 
The average specimen measures 1.16 mm. long with a maximum width, in 
the anterior testicular region, of 0.277 mm. A well-differentiated, reniform 
head-collar is present, measuring 0.17 by 0.19 mm. The collar bears one 
row of spines that is discontinuous dorsally. In each end group of spines 
there are two ‘‘Echstacheln”’ and in each lateral group nine ‘‘Randstacheln”’, 
making a complement of 22 collar spines that vary in size from 25-37 
by 5-6u. From the head collar to approximately the anterior border of the 
anterior testis, the cuticle is provided with fine, closely set, backwardly 
directed spines which are very numerous anteriorly, becoming more sparse 
posteriorly. 

The oral sucker, measuring 0.053-0.058 by 0.043-0.047 mm., is slightly 
sub-terminal and appears somewhat drawn out posteriorly. A comparatively 
long prepharynx is present, measuring 0.061 mm. in one specimen and 0.08 
mm. in another. The pharynx varies from 0.072-0.078 mm. in length by 
0.05-0.06 mm. in width. It is followed by a long oesophagus that is 
0.18-0.2 mm. in length. The intestinal caeca pass postero-laterally and 
reach almost to the posterior end of the body. The ventral sucker, 0.072- 
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0.130 by 0.04-0. 146 mm., is situated with its anterior border about 0.46 mm. 
from the anterior end of the worm. It is almost equatorial in position. 

The two testes are transversely elongate, with entire margins. The anterior, 
0.072-0.083 by 0.1-0.15 mm., is slightly smaller than the posterior, 0.084- 
0.1 by 0.114-0.13 mm. They lie one directly behind the other in the mid- 
line in the third quarter of the worm. The vasa efferentia and vas deferens 
could not be distinguished in these specimens. The cirrus-sac is dorsal to 
the acetabulum and lies somewhat diagonally with its anterior end slightly 
to the left of the mid-line. It extends posteriorly to the level of the centre 
of the ventral sucker. The cirrus-sac contains a large vesicula seminalis, a 
small pars prostatica and a small cirrus. Both male and female ducts open 
through a common genital pore which is situated a short distance posterior 
to the intestinal bifurcation. 

The ovary, measuring 0.05 by 0.32 mm., is oval with an entire margin. 
It lies a short distance anterior to the anterior testis and slightly to the right 
of the mid-line with almost the whole of its anterior half covered ventrally 
by the posterior portion of the acetabulum. A uterine seminal receptacle is 
situated slightly to the left of the mid-line and somewhat posterior to the 
ovary. A large, diffuse shell-gland is present in the mid-line, lying very close 
to the anterior testis. Laurer’s canal could not be distinguished. The uterus 
is quite short and forms one loop which extends slightly posterior to the ovary 
and then bends anteriorly to the genital opening. The ova are 87—90y in 
length by 40-50 in width. They are very few in number, five being the most 
present in one worm, and are very large compared with the size of the worm. 
The vitellaria are composed of large follicles, the individual follicles being 
situated very close to one another. They extend from the anterior level of the 
anterior testis almost to the posterior end of the worm. Caudad of the 
posterior testis the follicles converge towards the mid-line, forming a single 
mass in the posterior quarter of the worm. The vitelline ducts cross in front 
of the anterior testis to join and form a vitelline reservoir which occupies a 
position directly ventral to the shell gland. 

S. merulae Yamaguti (17) is much larger than the specimen here described. 
The testes are elongate-oval with their long axes in the mid-line of the worm. 
The prepharynx is very short and the ventral sucker is more anteriorly placed 
than in S. mergi, whose acetabulum is almost equatorial in position. The 
cirrus-sac is diagonal but does not extend posterior to the anterior border of 
the acetabulum. 

S. reynoldi Bhalerao (2) is also a much larger worm. Its anterior testis 
is in the anterior half of the body and its posterior testis is in the posterior 
half, unlike the condition existing in S. mergi in which both testes occupy the 
posterior half of the worm. The vitellaria do not converge until they reach 
the posterior end of the worm. The ova are somewhat smaller and more 
numerous. The ventral sucker is more anteriorly placed. 

Linton (9) described a fluke which he named Mesorchis pseudoechinatus. 
The genus Mesorchis has now been included in the genus Stephanoprora (10), 
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as has also the genus Monilifer. The position and shape of the testes of 
M. pseudoechinatus and of S. mergi are different. The ova are approximately 
the same size but are much more numerous. The vitellaria form two dense 
lateral masses of follicles in the posterior portion of the body. The individual 
follicle is fairly small. 

Several other species of Stephanoprora have been described, but S. mergi 
appears to differ from them in its small body size, the shape, size and position 
of the testes, the more or less equatorial position of the acetabulum, the com- 
paratively long prepharynx and oesophagus, and the extent of the vitellaria. 
Fypoderaeum conoideum (Bloch, 1782) 

Ten specimens were found in the small intestines of four Black ducks, Anas 
rubripes rubripes, from the Lake St. Peter district, Que. 

The fluke (Fig. 5) is elongate-oval in shape and quite flat, tapering slightly 
towards the ends, which are bluntly rounded. The average specimen measures 
13.3 mm. in length by 2.1 mm. in width at the widest portion, in the testicular 
region. The head collars, in the specimens examined, are very rudimentary, 
and in the one illustrated measures 0.64 mm. in width. Most of the collar 
spines were lost, and those present did not afford the opportunity of making 
accurate measurements. 

The sub-terminal oral sucker appears slightly drawn out posteriorly and is 
0.4mm. wide by 0.3 mm.inlength. The oesophagus is very short, measuring 
0.2 mm. in length. The intestinal caeca are narrow and tubular and reach 
to within 0.46 mm. of the posterior end of the worm. The pharynx measures 
0.24 by 0.2 mm. The large acetabulum, 1.42 mm. in length by 1.3 mm. 
in width, is placed with its anterior margin 1.1 mm. from the anterior end of 
the worm. The acetabular opening is quite large, measuring 0.8 by 0.74 mm. 

The testes lie one directly behind the other in the median line. The greater 
part of the anterior testis lies in the posterior portion of the anterior half of 
the worm, while the posterior testis lies wholly within the posterior half. The 
anterior testis measures 1.47 by 0.74 mm. and the posterior 1.51 by 0.62 mm. 
The testes are elongate-oval in shape and have entire margins. The cirrus 
pouch is large and elongate, extending slightly farther backward than the 
middle level of the acetabulum. The cirrus-sac contains a cirrus, a twisted 
vesicula seminalis and a well-developed pars prosfatica. Both cirrus and 
metraterm open through a common genital pore of fairly wide aperture, 
directly posterior to the level of the caecal bifurcation. 

The ovary, 0.5 by 0.48 mm., forms an almost perfect sphere with an entire 
margin. It lies a little to the left side of the median line with its posterior 
margin about 0.4 mm. anterior to the anterior margin of the anterior testis. 
A large and diffuse shell-gland occupies the greater part of the space between 
the ovary and testis. Ventral to the shell-gland there is a large vitelline 
reservoir. A uterine seminal receptacle lies close to the shell-gland and partly 
surrounded by it. The uterus lies in irregular coils extending from the ovary 
to the genital pore and bounded on either side by the intestinal caeca and 
vitellaria. The eggs are oval in shape and measure 82-120 by 60-70u. The 
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Fics. 5-9. 5. Hypoderaeum conoideum (Bloch, 1782) non Railliet 1885, entire worm, 
ventral view. 6. Zygocotyle lunata (Diesing, 1836), entire worm, ventral view. 7. Apatemon 
gracilis (Rud., 1819) Szidat, 1929, entire worm, lateral view. 8. Psilochasmus longicirratus 
Skrjabin, 1913, entire worm, dorsal view. 9. Notocotylus attenuatus Rudolphi, 1809, entire 
worm, ventral view. 
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vitelline follicles occupy the lateral fields and extend from about the level of 
the posterior margin of the acetabulum to within 0.5 mm. from the posterior 
end of the body. 

In several of the specimens examined there was a papilla-like extension of 
the cuticle at the posterior end of the worm. 

Dietz (4) has reported [7ypoderaeum conoideum in the intestine of Anas 
boschas, and Yamaguti (18), from Anas platyrhyncha plaiyrhyncha. There 
appears to be no previous record of it from Anas rubripes rubripes. 


Zygocotyle lunata (Diesing, 1836) 

Several specimens of this trematode (Fig. 6) were taken from the caeca 
of the Black duck, Anas rubripes rubripes, and from the caeca of the domestic 
goose, Anser domesticus. The material was collected on the Island of Montreal. 
They do not differ from Stunkard’s (13) and Travassos’ (15) descriptions. 

Zygocotyle lunata has been recorded many times from the caeca and intestines 
of many different species of wild and domestic ducks and geese in America. 
It has also been described as a parasite of the caecum and intestine of the ox. 
The writer has not been able to find any former record of the Black duck, 
Anas rubripes rubripes, being a carrier of this parasite. 


A patemon gracilis (Rud., 1819) 

A considerable infestation by these Strigeids (Fig. 7) occurred in the small 
intestine of the American Golden-eyed duck, Glaucionetia clangula americana. 

The specimens ranged from 1.38 to 2.72 mm. in length, the fore-body 
being 0.57—-0.9 by 0.45-0.62 mm. and the hind-body 0.78-1.82 by 0.47— 
0.58mm. The oral sucker, 0.14 mm. in diameter, is terminal and is followed 
directly by the smaller pharynx which is 0.1 by 0.08 mm. The acetabulum 
is somewhat larger than the oral sucker and measures 0.16 by 0.21 mm. 
The holdfast organ is composed of outer and inner lobes which join posteriorly 
at their bases. The outer lobe is considerably larger than the inner one. 
In the majority of specimens examined, both outer and inner lobes were 
retracted within the cup-like fore-body. At a position near the junction of the 
two lobes of the holdfast organ there is an adhesive gland which is apparently 
made up of a number of deeply-staining lobules. 

The testes are large and lobed. The anterior one lies in the posterior part 
of the anterior half of the hind-body, while the other lies in the anterior part 
of the posterior half of the hind-body. The posterior testis, measuring 0.40- 
0.56 by 0.38-0.41 mm. was, in the majority of cases, larger than the anterior 
testis which measures 0.35—-0.54 by 0.31-0.36mm._ The testes lie one behind 
the other and so close, in some cases, that they appear to be touching each 
other or even overlapping. The vesicula seminalis is quite a large structure 
and lies sigmoid-fashion, directly posterior to the posterior testis and close to 
the dorsal body-wall. The ejaculatory duct opens at the end of a bulbous 
genital cone. 

Close to the anterior border of the anterior testis is the sub-globular ovary, 
measuring 0.18 by 0.17 mm. The vitellaria do not extend into the fore-body 
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but are confined to the ventral field of the hind-body; the follicles are separate 
and very numerous. 

The writer has identified these specimens as Apatemon gracilis mainly 
because of the egg size and the disposition of the testes and ovary. The 
specimens adhere closely to the description given by Yamaguti (17) of the 
specimens he found in the small intestine of Mergus merganser merganser. 
This is the first time that Glaucionetta clangula americana has been reported 
as a host to Apalemon gracilis, although it has been previously recorded in 
the European Golden-eye. 


Psilochasmus longicirratus Skrjabin, 1913 

Worms of this species (Fig. 8) were recovered from the small intestine of 
the Black duck, Anas rubripes rubripes and the Canada goose, Branta canaden- 
sis. These are flat, fairly thick-set, and more or less lancet-shaped worms. 
The anterior portion, as far as the acetabulum, is conical in shape. The 
posterior portion is more flattened, becoming round again at the posterior end. 
From the posterior end of the worm a cylindrical, tail-like process is given 
off. This process is protrusible, being activated by numerous circular muscles 
which are plainly visible; it measures 0.29-0.75 mm. in length by 0.08-0. 30 
mm. at its widest point. 


Several specimens having an average measurement of 3.05 mm. in length 


by 0.7 mm. in width were found, but a typically mature form is 5.73-6.30 
mm. in length by 1.42 mm.—1.44 mm. in width at its greatest breadth in the 
anterior testicular region. The cuticle is unarmed and fairly smooth. 

The sub-terminal oral sucker is 0.36-0.47 by 0.31-0.33 mm. in size. A 
pharynx, measuring 0.26-0.29 by 0.20-0.22 mm., is separated from the 
oral sucker by a very short prepharynx, and is followed by a fairly wide 
oesophagus, 0.55—0.63 mm. in length by 0.07-0.14 mm. in width. At a 
point about 0.16 mm. in front of the acetabulum the oesophagus bifurcates 
into the lateral intestinal caeca, which extend posteriorly to within 0.62-0.71 
mm. of the posterior end of the worm. The acetabulum, in the anterior part 
of the second quarter of the worm, is borne on a thick stalk which protrudes 
0.80-0.92 mm. from the ventral surface of the worm. It is 0.59-0.61 by 
0.52-0.62 mm. in size. 

The testes are post-equatorial and are situated one directly behind the other 
in the mid-line. Their margins are distinctly lobed. The anterior testis 
measures 0.82—0.85 mm. in length and 0.49-0.56 mm. in width, while the 
posterior is 0.67-1.00 by 0.46-0.52 mm. The cirrus-sac is very long and 
more or less club-shaped, with the large end ‘of the club occupying the more 
posterior position. It is 1.56-1.65 mm. in length and 0.20-0.23 mm. at 
its widest posterior point. It encloses a seminal vesicle of fairly large size 
and a very long, convoluted cirrus. The posterior margin of the cirrus-sac 
extends to varying distances behind the anterior margin of the ovary. Both 
male and female organs open through a common genital pore which is situated 
at approximately the same level as the intestinal bifurcation and is somewhat 
sinistral in position. 
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The ovary is globular to sub-globular in shape and median in position. 
It measures 0.17-0.23 mm. in diameter. Directly posterior to the ovary is 
a diffuse shell-gland which separates the ovary from the anterior testis. 
Laurer’s canal is present, with its pore to the left side of the median line. The 
uterus is short, with a few coils extending posterior and a few anterior to the 
ovary. The vitellaria occupy the lateral fields of the body and extend 
from shortly behind the ventral sucker almost to the posterior end of the 
body and inwards just to the intestinal caeca, with some follicles covering the 
caeca and a few extending inwards past them. Caudad of the posterior testis 
the two vitelline patches unite to form one. The vitelline follicles are com- 
paratively small and densely packed. The eggs are relatively few in number 
and measure 82-97 by 70-76. 

The writer has been able to find only two other records of P. longicirratus, 
both being from the Old World. Skrjabin (12) found specimens in the small 
intestine of Fuligula nyroka from Russian Turkestan, and Tubangui (16, 
pp. 384-386), found specimens in the domestic duck from the Philippine 
Islands. The author’s specimens quite closely resembled those described by 
Skrjabin and Tubangui, but were slightly larger. 


Notocotylus attenuatus (Rud., 1809) 

A fairly heavy infestation by these trematodes occurred in the caeca and 
rectum of a Lesser Snow goose, Chen hyperborea hyperborea, from the eastern 
Arctic. 

These trematodes (Fig. 9) are flat, narrowed anteriorly, and broadly rounded 
posteriorly, with the greatest width in the pre-ovarian region. The cuticle is 
densely covered with very small spines, the greatest number occurring on the 
antero-ventral surface. The average specimen measures 2.76 by 0.75 mm. 
On the ventral surface there are three rows of gland-like structures which open 
into protrusible pits. In the median row there are 14 such glands and in 
each sub-median row there are 15. As yet, the exact function of these glands 
is unknown. 

The terminal oral sucker is cup-shaped and measures 0.13 by 0.15 mm. 
A pharynx is absent and the oesophagus is short, slender and approximately 
0.15 mm. in length. The intestinal crura are long and slender, and terminate 
blindly about 0.07 mm. from the posterior end of the body. 

The testes, 0.45 by 0.16 mm., are elongate, lobed, and situated one on 
either side of the ovary and separated from it by the terminal portions of the 
gut branches. The external seminal vesicle is tubular and lies in transverse 
coils at the base of the cirrus-sac. The cirrus-sac is long, club-shaped, and 
with the thicker end of the club placed proximal to the anterior coils of the 
uterus. The external surface of the cirrus-sac appears to be thrown into 
lancet-shaped evaginations which produces a pine-cone effect. The sac 
measures about 0.9 mm. in length and partially extends into the middle third 
of the body. The internal seminal vesicle is sacciform and occupies the base 
of the cirrus-sac. Continuous with the internal seminal vesicle is the pars 
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prostatica, which is more or less club-shaped and slightly convoluted. The 
common genital pore opens directly behind the caecal bifurcation. 

The lobed ‘ovary, 0.21 by 0.20 mm., lies median to the testes. Anterior to 
it and also in the median line lies an oval odtype, and directly anterior to this 
the diffuse shell-gland. The vitellaria are placed lateral to the intestinal 
caeca and extend from a point just posterior to the middle of the body toa 
point just anterior to the testis. The uterus lies in close transverse coils 
which extend from the base of the cirrus-sac to the region of the shell-gland, 
and which are bounded on either side by the intestinal caeca. The vagina 
is about half the length of the cirrus-sac and opens in the form of a slightly 
expanded funnel into the genital atrium. Surrounding the vagina are numer- 
ous irregularly shaped glands of unknown function. The uterine coils are 
distended by the countless numbers of oval eggs, which measure 24-27 by 
10-12u. Each egg is provided with a single filament at either pole. 

N. attenuatus is very cosmopolitan in distribution and not very particular 
as regards host specificity. It has been reported from many different species 
of ducks and geese, both domestic and wild. However, this appears to be 
the first time it has been recorded from Chen hyperborea hyperborea. 
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